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PREFACE TO VOLUME II 


The considerable delay in the appearance of this volume resulted 
from a variety of circumstances which were beyond my control. 
The manuscript was finally completed in September 1941, and any 
further delay in publication is due to the difficulties of the present 
situation. So far as it has been possible to obtain access to non- 
British periodicals, the current literature has been included up to 
the middle of 1943, the additional references being incorporated at the 
end of the main lists as in the first volume. In the frequent cross- 
references made to the subject-matter of that volume, it is always 
cited merely by the Roman numeral I. 

During the preparation of the sections dealing with the Brown 
and Red Seaweeds it became evident that a brief preliminary survey 
of their conditions of life and of their distribution in nature would 
not only be helpful in relation to the later matter, but would also 
prevent a certain amount of repetition. With these objects in view 
I have prefixed the subject-matter of the present volume with a Fore- 
word. A more exhaustive consideration of the topics dealt with in 
these preliminary pages was not feasible without unduly increasing 
the size of the book. Apart from this, the general treatment follows 
the same lines as in the first volume. In view, however, of the 
numerous synonyms (of which only the more essential have been 
mentioned), these have been specially indicated in the index. 

I have again to acknowledge the valuable help afforded by Olt- 
manns’ Morphologie und Biologie der Algen. Special mention should 
also be made of C. Sauvageau’s numerous researches on Phaeophy- 
ceae, of P. Kuckuck’s, L. Kolderup Rosenvinge’s, and H. Kylin’s 
many memoirs on Phaeophyceae and Rhodophyceae, and of L. 
Geitler’s contributions on Myxophyceae. A considerable number 
of the illustrations in this volume have been taken from the published 
works of these scientists who have contributed so much to the 
advancement of our knowledge of the three classes with which it 
deals. I am also greatly indebted to the University of Michigan 
Press and to Prof. W. Randolph Taylor for permission to make 
use of a considerable number of illustrations! from the latter’s Marine 
Algae of the Northeastern Coast of North America. I am similarly 
indebted to the Trustees of the British Museum, London, for per- 
mission to reproduce figs. 18 B, 19 C, 27 A, 35 A, 36 A and I, 60E, 
81 A, g1 C and F, 118 D, 154 A, 163 C, 170 B and C, 176 D, 186 H 
and 192 A from L. Newton's Handbook of the British Seaweeds, and to 


1 All of those cited as ‘‘after Taylor” with the exception of figs. 24 C and 
109 À are from this source. Y 
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the University Press, Liverpool, for fig. 117 A taken from M. Knight's 
and M. W. Parke's Manx Algae. A few illustrations (figs. 83 A, 111 F, 
130 À and B, 163 A) are reproduced from the work of Oltmanns 
cited above, although current events have not admitted of obtaining 
sanction for their reproduction; it was, however, difficult, if not 
impossible, to find substitutes of a comparable degree of excellence. 
'The photograph of Ecklonia buccinalis (fig. 79 A) was kindly sent 
me by Dr M. A. Pocock. Mr R. Cullen has again afforded in- 
valuable help in the photographic reproduction of the illustrations 
and has spared no pains to obtain the best results. 

I am greatly obliged to Dr F. M. Haines, who has read through all 
the sections dealing with physiological topics, and to Prof. E. G. 
Pringsheim who gave me the benefit of his criticism of the section 
dealing with Blue-green Algae. I am glad to have this opportunity 
of expressing my gratitude to the staff of the University Press for 
their important contribution towards the success of the two volumes. 

In concluding this work, which has taken up the major part of 
my leisure time during a period of fifteen years, I venture to express 
the hope that it will fulfil its purpose of giving an indication of what 
is known about the structure and reproduction of the Algae and 
of stimulating enquiry in the many directions in which our know- 
ledge of these matters is inadequate. 

F. E. FRITSCH 


CAMBRIDGE 
February 1943 
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FOREWORD 


A large part of this volume deals with those classes of Algae that play 
a dominant rôle in the vegetation of the sea, and it is therefore 
appropriate to commence with a brief consideration of the conditions 
of life and distribution of seaweeds. By contrast to fresh-waters most 
seas afford two distinct habitats for the attached flora, viz. (a) the part 
of the shore that is twice daily covered and uncovered by the tides, 
and (5) the more extensive region below low-water mark in which the 
algal vegetation always remains submerged. These regions, first 
designated /ittoral and sublittoral respectively by Kjellman((69) p. 57, 
Gei), manifestly offer different conditions of existence for the seaweed 
population.! 

That of the littoral region, which is usually taken as extending 
down to the limit of neap tides, must be capable of surviving periods 
of exposure of varying duration, involving desiccation and insolation, 
with accompanying alterations in temperature, salt-concentration, 
hydrogen-ion-concentration, etc. The density of the population on 
rocky shores, especially in temperate seas, is testimony to the ability 
of littoral seaweeds to withstand the effects of diurnal exposure, the 
intensity of which progressively increases as high-tide level is ap- 
proached. The vertical range of the algal covering may, however, 
especially on exposed shores, extend to appreciably above even 
spring-tide level, where the only source of sea-water is afforded by 
spray during rough weather. All attempts to define this spray-zone 
more accurately have failed (cf. (10) p. 709, (4) p. 14, (83) p. 66), and 
it is nowadays usually included in the littoral region. 


Many workers emphasise that the capacity of littoral, as contrasted 
with sublittoral, seaweeds to resist desiccation is one of the principal 
factors determining their existence in the intertidal zone ((37) p. 41, 
(46) p. 1 16, (s1), (8), (59), (63) p. 325, (101) p. 579, (103), (104)) ; Kaltwasser (66) 
has investigated the effects of this factor on respiration and photo- 
synthesis. Desiccation is, however, not the only consequence of 
exposure. Littoral seaweeds must be able to withstand temperature- 
changes, involving in the higher latitudes subjection to frost during 
winter and strong insolation during summer (cf. (s) p. 390, (7), (79) 
p. 11, (99) p. 829, (102), (118) p. 15, (160) p. 50), the latter factor becoming 
increasingly potent as the Tropics are approached. The Fucales, as well 
as other common Algae of the littoral region (Bangia fusco-purpurea, 
species of Porphyra, Chondrus crispus), have been shown (82) to withstand 
exposure to low temperatures and Fucus, Porphyra and Enteromorpha 

1 Cf. especially (10) p. 708, (24), (80) p. 208, (81), (83) p. 66, (90) p. 6, (91) 
p. 120, (96) p. 35, (120), (128) p. 189, (1534). Jónsson ((65) p. 80) distinguishes 
upper and lower littoral zones, the latter comprising the area exposed only 
at spring tides (cf. also (62) p. 191, (179)). 
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are stated to be able to survive temperatures of —20° C. On the other 
hand diverse Mediterranean Florideae are killed by exposure to ı-2° C. 
((7) p. 391). Bangia fusco-purpurea and Urospora penicilliformis can also 
withstand high temperatures, and many other littoral Algae are possibly 
eurythermic forms ((113) p. 359). 

The effects of desiccation (cf. (6) p. 359) and of temperature-changes 
alike become more intense at successively higher levels on the shore, 
and this is also true of changes in salt-concentration, due either to 
evaporation or to dilutign by rain-water ((63) p. 325, (100), (172)). Seaweeds 
vary considerably in their capacity to survive immersion in hypo- and 
hypertonic sea-water ((6) p. 352; cf. also p. 401). Littoral forms, which 
are completely exposed during low water, can withstand concentrations 
ranging between o:2 and 3-0 sea-water, while those which rarely become 
altogether dry or occupy rock-pools exhibit a more limited range 
(0o:3-2:2); permanently submerged forms, on the other hand, are far 
more sensitive to concentration changes (range: o-5-1:4 sea-water; 
cf. also (9)). . 

' There is also a gradation in the period of exposure to light during 
low, and in the depth of submergence during high, tide, although the 
importance of this feature has in recent years been rather discounted 
((1o1) p. 579, (119) p. 70). Movement of the water accelerates respiration 
and photosynthesis (4s), especially in littoral Algae. A useful review of 
what is known in these respects is given by Biebl (8); see also (199), as 
well as (141) on the culture of marine Algae. 


The often marked zonation of the seaweëd population in the littoral 
region is no doubt a result of the progressive incidence of the exposure 
factors. It is strikingly demonstrated by the girdles of Fucaceae found 
on rocky shores in the North T'emperate zone (p. 382) and is no less 
evident in the characteristic communities dominated by Florideae 
such as Laurencia pinnatifida, Lomentaria articulata, Gigartina stellata, 
as well as by species of Gelidium and Corallina in the lower parts 
of the littoral region (cf. (10) p. 732, (24) p. 33, (46) p. 103, (123) p. 89, 
(412) p. 337, (142) p. 69). At the upper limit, where the conditions are 
extreme, zonation is usually most obvious. Characteristic representa- 
tives, which occupy more or less clearly marked belts in the upper 
littoral (incl. the spray-zone) in the North T'emperate zone, are species 
of Prasiola (P. stipitata) and Urospora, Ulothrix flacca, Pelvetia canali- 
culata, Fucus spiralis, Porphyra umbilicalis, Bangia fusco-purpurea, 
Rivularia atra, and Calothrix scopulorum, with which are associated 
the lichens Verrucaria (V. maura, etc.) and Lichina and, in somewhat 
more shaded situations, the red alga Hildenbrandia. A comparable 
distribution is observable in the Mediterranean ((37) p. 179, (94) p. 197), 
and on the Atlantic coast of North America ((62), (166) p. 7). Mention 
should also be made of the characteristic belts of Chrysophyceae and 
other Algae found in the spray-zone on the British chalk-cliffs (G) 
p- 163) and of the blue-green communities inhabiting the limestone 
and dolomitic rocks of the Mediterranean (see p. 866). 
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In other parts of the world Brown Algae do not play so conspicuous 
a part in the intertidal belt. Thus, on South African coasts Red Algae 
predominate (ei p. 19), in New Zealand the larger Brown Algae 
(Carpophyllum, Marginariella, Xiphophora, etc.) occur at and below 
low-tide level (G12) p. 518), while in the Tropics the littoral zone may 
be occupied by considerable numbers of Florideae ((97) p. 46, (162) 
p. 200). On the Pacific coasts of North America species of Endocladia 
and Porphyra perforata often occupy more or less clearly marked 
zones near high-tide limit (Gosa) p. 64), while in South Africa 
P. capensis occurs at this level ((60) p. 145; cf. also (112) p. 526). In the 
Arctic ((71) p. 9) and Antarctic ((126a) p. 183, (156) p. 253) the littoral 
region is for the most part devoid of vegetation, which is largely the 
result of ice-action ((27) p. 447, (179) p. 64); the effect often continues 
into the upper part of the sublittoral ((130) p. 7). 

The rock-pools in the intertidal belt ((s) p. 383, (to) p. 735, Go), (47) 
P- 51, (63), (72), (142) p. 86, Gas harbour a vegetation which usually 
differs more or less markedly from that on the rocks around, although 
varying in character at different levels on the shore; in the deeper 
pools there may be some vertical zonation. The desiccation factor is 
lacking, but in the higher pools, which are subjected to prolonged 
insolation, the water shows marked temperature variations, as well as 
changes in salt- and hydrogen-ion-concentrations. Photosynthesis of 
the seaweeds during low tide may result in a pH as high as 9:9 @, 5) 
Many Algae can, however, exist in pH ranges of 6:8-9:6 (84), although 
Gail (41) concludes that Fucus evanescens is killed by a pH above 8-7. 
According to Kylin the younger parts are in general more susceptible 
than the older to pH changes. Sand-covered rocks, as well as sandy 
pools (23) p. 83, (177) p. 376), are often occupied by special com- 
munities. 


In the Baltic, in which there are practically no tides, a littoral region 
of the type just considered is lacking. On the other hand there is a 
limited zone that becomes uncovered at certain times of the year, largely 
as the result of wind-action, and this is nowadays usually defined as 
the littoral region ((31) p. 93, (32) p. 70, (so) p. 7, (83) p. 85, (91) p. 123, 
(108) p. 44, (161) p. 22). In certain respects it is more comparable to the 
periodically uncovered parts of the shore-line of a lake, and the pro- 
longed period of exposure results in the non-survival of the bulk of 
the vegetation, most of which consists of short-lived annuals. 


In the sublittoral region it is essentially quantity ((33) p. 637, 
(73), (119) p. 55) and quality (see p. 408) of the light that determines 
the zonation of the seaweed population; such zonation is often plainly 
shown by the epiphytic growth on the larger submerged Phaeo- 
phyceae ((4) p. 422, Go) p. 757). Changes in temperature and salinity 
with increasing depth are, however, probably sometimes of some 
significance. The depth to which the sublittoral seaweeds extend 
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varies in different latitudes, being for instance much greater in the 
Mediterranean and other southern seas than in northern ones ((4) 
P- 414, (34a) p. 177). In the upper reaches Brown (especially 
Laminariales and certain Fucales) and Green Algae still play an 
important róle, but in the deeper water Red Algae tend to predominate, 
although some green and brown forms occur at appreciable depths ((4) 
P- 473, (37) p. 84, (40) p. 286, (18), (139) p. 480, (164) p. 35, (179) p. 61). 

Many sublittoral seaweeds are no doubt shade-forms, with a low 
compensation point and capable of effective photosynthesis in weak 
light, whilst the littoral types include many sun-forms ((33) p. 637, (100a)). 
Since, with increase of temperature the rate of respiration rises more 
rapidly than that of photosynthesis, sublittoral Algae in the warmer 
seas (especially in summer) will soon reach the compensation point 
with increasing depth. The fact that the majority of seaweeds on 
Swedish coasts show vegetative growth in winter and spring is 
attributed by Printz ((119) p. 58) to a low rate of respiration so that, 
in spite of the low light-intensity, an assimilatory gain is nevertheless 
possible (cf. also (34) p. 276, (sz) p. 281, (77)). Brown and Green Algae 
of temperate zones seem in general to be adapted to higher light- 
intensities than the red forms ((33) p. 636, (34) p. 278), but the increasing 
importance of the latter in the warmer seas ((37) p. 281, (128) p. 173, 
(162) p. 199) and even in the littoral zone (cf. above) shows that there 
must be many Florideae capable of existence in strong light, the 
distribution of which is determined by other factors. The capacity of 
shade-forms to utilise and to withstand higher light-intensities varies 
for representatives of the three chief marine classes (33,101), green 
forms markedly surpassing Brown and Red Algae in both respects; 
deep-water members of these two classes exhibit relatively little 
increase in photosynthesis at the surface, although Brown Algae are 
relatively resistant to the stronger illumination. Such facts indicate 
the great differences in the attunement of marine Algae to intensity 
of illumination. 

Montfort (Go) p. 579) concludes that it is mainly factors other than 
the quality or quantity of the light that prevent the penetration of , 
the majority of littoral Algae into deeper water and that exclude 
sublittoral forms from the littoral region. An influence of light- 
intensity, difficult to dissociate from the higher humidity, is seen in 
the changed character of the seaweed-flora within caves (G) p. 174, 
(10) p. 739, (24) P- 43, (35) p. 220, (80) p. 223, (1414) p. 344, (142) p. 83); 
here the vegetation, apart from harbouring certain characteristic 
species (Rhodochorton Rothii in northern waters), often includes a 
number of those otherwise found only in the sublittoral region. 

- The character of the flora, though essentially the same in a given 
geographical area, exhibits numerous modifications in different 
habitats and at different seasons of the year (cf. e.g. (s2«) p. 48). In 
North Temperate seas and in the Mediterranean the littoral and the 
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upper parts of the sublittoral regions are the home of a considerable 
number of annuals (Ectocarpales, diverse Florideae) which are repre- 
sented only for a few months so that the richness and character of 
the vegetation varies with the seasons ((76) p. 12). Moreover, many 
of the perennials die down to a large extent in winter, only the basal 
attachment system or the larger axes persisting; many examples of 
this are given in the course of this volume. Some perennials ( Hilden- 
brandia, Fucus serratus), however, may exhibit vegetative growth 
throughout the year ((80) p. 274). 

In North Temperate seas the flora is usually at its height in July 
and August, but a number of littoral seaweeds tend to disappear from 
between tide-levels with the onset of summer, although they may 
survive in the lower part of the littoral or sublittoral as the case may 
be ((76) p. 27, (223) p. 130); in other instances the distribution may be 
reversed (122). Similar, but more marked “migrations” are recorded 
for the Mediterranean ((4) p. 422), where the littoral vegetation, which 
is at its best during winter and spring (cf. also (112a) p. 71), becomes 
strongly reduced in summer when the sublittoral flora reaches a 
maximum. It can scarcely be doubted that the varying intensity of 
illumination over the year is the most important, although not the 
only, factor concerned. In the Arctic, where growth is most vigorous 
during spring and summer, there are scarcely any annuals (Go) p. 828, 
(71), (128) p. 239), while the littoral region of the Tropics is rich in 
perennials ((162) p. 218). 


Various schemes have been advanced for the ecological grouping of 
marine Algae. Those of Oltmanns ((115) p. 298), Funk ((40) p. 220), and 
Gislén ((47) p. 84) are based essentially 6n external form and, while this 
no doubt gives some index of the biological conditions, it cannot be 
regarded as affording a basis for a true ecological classification. The 
schemes proposed by Setchell ((isı) p. 30, (152) p. 310) and Feldmann 
((37) p. 137) take a wider cognisance of the conditions of life, and the 
latter in particular endeavours to found a classification, analogous to 
that of Raunkiaer for land-plants. Setchell’s grouping is based prin- 
cipally on the conditions of illumination and the degree of exposure 
to wave-action, while that of Feldmann refers especially to the duration 
of life and the form in which the seaweed survives the dormant season. 
Among annuals he distinguishes Eclipsiophytes (persisting as minute 
filamentous growths, many Ectocarpales) and Hypnophytes (with 
dormant reproductive stages, e.g. Vaucheria piloboloides) ; among peren- 
nials Phanerophytes (entire thallus persisting, Codium, Halimeda), 
Chamaephytes (encrusting forms, Hildenbrandia, Melobesia), Hemi- 
phanerophytes (only part of erect thallus persisting, Cystoseira, Sar- 
gassum, Sphaerococcus), and Hemicryptophytes (only basal portion 
persisting, Acetabularia, Cladostephus, Rissoella). It must be noted, 
however, that exposure is a factor that enters only into the conditions 
of life in the littoral region. Moreover, the concepts of annual and 
perennial as applied to seaweeds are somewhat elastic, since the same 
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species may behave as an annual in one and as a perennial in another 
geographical area (cf. (10) p. 826), or be annual in the littoral and 
perennial in the sublittoral region (cf. (139) p. 485). 

Data on the time of reproduction of seaweeds (cf. e.g. (10) p. 829, 
(18), (49) p. 144, (65) p. 172, (76), (80) p. 244, (93), (118), (121); and for the 
Mediterranean (40)) tend to show that the same species exhibits con- 
siderable variety in this respect in different regions. 


Since most seaweeds are lithophytes or epiphytes on the larger 
rock-inhabiting forms (especially Laminariales and Fucales), a rocky 
coast-line alone affords the substrata necessary for the development 
of a rich algal vegetation. Sandy or shingly shores are relatively poor, 
although a special facies is often developed on the mud-flats of salt- 
marshes ((15), (16), (17) p. 185; see pp. 383, 862). Even on rocky shores 
the abundance and composition of the algal flora depend to a con- 
siderable degree on the extent of wave-action ((10) p. 693, (24) p. 19, 
(91) p. 132, (123) pp. 75, 81, (184) p. 367); certain of the littoral 
Fucales, for instance, may be lacking or little represented where there 
is marked exposure to this influence ((24) p. 24; see p. 382). The angle 
of slope of the rock also affects the distribution of Brown Algae 
((68) p. 694, (123) p. 86, (184). 

Biotic factors no doubt play a considerable role, although relatively 
little information is as yet available on this point. There is marked 
competition for a suitable substratum ((76) p. 28, (136) p. 21), although 
the stages in colonisation of new surfaces by littoral Algae are as yet 
little studied ((27) p. 477, (67), (124), (174), (182)). Plant and animal com- 
munities also compete with one another ((123) p. 80, (124) p. 431, (127)). 
Diverse Molluscs inter alia attack and devour -seaweeds, especially 
the germlings,! while Chemin (&9) p. 360) states that the carpospores 
of Red Algae are very liable to be devoured by Infusoria.? 

Many land-locked seas fed by large rivers contain a smaller propor- 
tion of dissolved salts and of these the Baltic has been extensively 
studied. The effects on the vegetation are many. There is a considerable 
reduction in the number of species (cf. also (175) p. 112, (179) p. 6), and 
certain of these are represented by reduced forms of smaller stature 
and usually of narrower dimensions ((80) p. 246, (91) p. 141, (131) p. 42, 
(161) p. 12, (183)), although it is possible that special races are involved. 
Certain Chlorophyceae, as well as Pylaiella rupincola, Sphacelaria 
racemosa, etc., however, appear to be unaffected. The strongly dwarfed 


1 See (3), (16) p. 216, (18) p. 85, (78), (79) p. 151, (98) p. 28, (116), (135), (137) 
p. 12, (168) p. 159, (1712) p. 60. 

2 The relative distribution of fauna and seaweeds at different levels in the 
littoral region is dealt with by Colman ((23); cf. also (47) p. 87, (184) p. 362, (186)). 
Regarding the algal growth often found on the carapace of crabs, see (64) and 
the literature there cited. With reference to the relation between the algal 
vegetation and the general productivity of the sea, see (42) p. 36, (95), (117), (181). 
As regards economic uses, see (22) p. 8, (24) pp. 53, 151, (29), (36) p. 9, (s4) p. 31, 
(96) p. 47, (97) p. 43, (143) p. 102, (145) p. 189, (158), (159), (180). 
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forms are always sterile, but even when there is only a moderate 
degree of reduction reproductive organs are less abundant. Many 
workers ((30), (48), (74), (85) p. 245, (113) p. 377, (114) p. 39, (167)) have 
investigated the effect of reduced salinity on marine Algae, but its 
influence on essential physiological processes has only recently been 
studied. Legendre (89) records increased photosynthesis in Fucus 
serratus and Ulva Lactuca, although Fromageot (39) in the latter 
established a decrease. According to Hoffmann ((ss) p. 261) a lowered 
salt-concentration increases respiration in Fucus serratus and Lami- 
naria digitata, although F. vesiculosus, Enteromorpha and Porphyra 
are unaffected. The scanty data imply that in water of reduced salinity 
diverse seaweeds will reach the compensation point more rapidly. 


THE GEOGRAPHICAL DISTRIBUTION OF SEAWEEDS 


The ensuing account of geographical distribution is intended as an 
introduction to the topic and makes no claim to be complete. The 
local variations in the flora are on the whole insignificant when com- 
pared with the marked diversities which are encountered in different 
parts of the world. Thus, the algal populations of the Old and New 
Worlds and of the Northern and Southern Hemispheres present 
numerous points of contrast, while that of the Atlantic is in large part 
distinct from that of the Indian and Pacific Oceans. A certain number 
of marine Algae enjoy a wide geographical distribution (e.g. Digenea 
simplex in all warmer seas), while some would appear to be almost 
cosmopolitan (Ulva Lactuca, Colpomenia sinuosa (?), Ectocarpus sili- 
culosus, Sphacelaria furcigera, Melobesia farinosa, Catenella Opuntia, 
Gracilaria confervoides, Hypnea musciformis), but the vast majority are 
restricted to definite, though often relatively wide, areas. For most 
seaweeds the warm water of the equatorial belt constitutes an im- 
penetrable barrier, and Scytosiphon Lomentaria, for instance, although 
recorded from the colder regions of both the Northern and Southern 
Hemispheres, is lacking in the Tropics (cf. also (44) p. 150, (107). 
Temperature ((s4) p. 20, (75) p. 123, (87) p. 307, (ros) p. 169, (113) 
P- 355) is no doubt one of the principal factors determining the 
latitudinal distribution of marine Algae, a view specially advanced by 
Setchell. He showed (144) that the distribution of the genera of 
Laminariales (cf. p. 253) is markedly related to the mean maxima for 
the hottest months and that it coincides with the isotheres of 10°, 15°, 
20° and 25°C. Later (146,147) Setchell draws attention to the im- 
portance of the mean minima of the surface-waters and suggests 
(148,149) that the temperature-interval between the mean minima and - 
maxima (as a rule probably about ro? C.) may determine whether 
reproduction can take place and therefore whether survival is possible. 
He distinguishes (146,148) nine climatic zones (Boreal, Upper Boreal, RU 
North Temperate, North Subtropical, Tropical, South Subtropical, > 
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South Temperate, Upper Austral, Austral), determined by tem- 
perature-intervals (surface-isotheres) of 5° C., and concludes that, 
when a species occurs in two or more zones, its normal habitat is only 
in one of them. Thus, Ascophyllum nodosum, an Upper Boreal species, 
in the southern portion of its range fruits only in winter ((148) p. 395; 
cf. also Go) p. 829). The southern limit of Fucus virsordes in the 
Adriatic is determined by temperature (140), while Isaac ((60) p. 145) 
emphasises the importance of this factor in South African waters. 

The effect of temperature is, however, not easily separated from 
that of illumination which, variable both in duration and intensity in 
different latitudes, probably also plays a rôle in determining the 
quality of their algal vegetation; one can, however, scarcely admit 
Tilden’s (169) theories, which are quite unsupported by fact. Tem- 
perature, owing to its influence on the rate of respiration, will affect 
the capacity of a sublittoral alga to thrive below a certain depth. 
Lami(ss) draws attention to the possible importance of mists and 
prevalent cloud in relation to the distribution of Algae. The effects of 
diminished salinity have already been considered (p. 6). 

Zones of algal distribution do not necessarily correspond to degrees 
of latitude, since ocean currents traversing the coasts often influence — | 
the temperature of the water and cause apparent anomalies in dis- 
tribution. Reference need only be made to the marked differences at 
equivalent latitudes between the algal flora on the eastern shores of 
North America and the western shores of Europe ((14) p. xv; cf. also 
(24) p. 7) due to the influence of the Gulf Strearn, and to the pro- 
nounced contrast between the seaweed vegetation on the eastern and 
western shores of the Cape Peninsula, due to the Antarctic current 
skirting the western shores. The flora of the latter comprises Laminaria 
pallida, Ecklonia and Macrocystis pyrifera (see map 2, p. 252), which 
are practically wanting on the opposite coast ((28), (60) p. 123, (61) | 
p- 20, (92), (185)). | 
t Boergesen’s and Jönsson’s (14) analysis of the distribution of sea- 
weeds in northern latitudes, with special reference to the flora of the — | 
" Faeroes, also essentially recognises the temperature-factor. They | 

classify the northern seaweeds in five groups, viz. (a) an arctic element 

(not represented in the Faeroes); (5) a subarctic element with species 
| represented in the Arctic Sea and in part extending southwards to 
| England (Chaetopteris plumosa, Agarum cribrosum, Alaria Pylait, 
Phyllophora Brodiaei, Halosaccion ramentaceum, etc.); (c) a boreal- 
arctic element extending from the Arctic as far south as the Atlantic 
coast of North Africa (Ascophyllum nodosum, Bangia fusco-purpurea, | 
Ahnfeltia plicata, etc.); (d) a cold-boreal element, extending north- f 
wards to Iceland, the Faeroes and North Norway and southwards to « 
the Mediterranean and North Africa (Elachista scutulata, Castagnea 
virescens, Alaria esculenta, Laminaria saccharina, .L. Cloustoni, 
Gigartina stellata, Cystoclonium purpureum, Furcellaria fastigiata, 
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etc.); and (e) a warm-boreal element (Leathesia difformis, Cutleria 
multifida, Halidrys siliquosa, Arthrocladia villosa, Sporochnus peduncu- 
latus, Taonia atomaria, Chondrus crispus, Plocamium coccineum, 
Laurencia pinnatifida, Callithamnion corymbosum, Rhodophyllis bifida, 
Gracilaria confervoides, Sphaerococcus coronopifolius (see map 1), etc.). 
This grouping has been adopted by many subsequent workers 
((24), (49), (89) p. 250, (131) p. 20, (166)). The marine flora of Holland, 
though poor in species, is essentially like that of the adjacent coasts 
of Britain and France ((49) p. 170). 

On the Atlantic coast of North America, Harvey ((s4) p. 25) first 
pointed out that the Cape Cod Peninsula sharply segregates the 
northern from the southern seaweeds, and this corresponds to the 
isothere of 20° C. ((147) p. 201, (150)). The northern area, which prob- 
ably extends to Greenland, includes many species found on the 
Scandinavian coast, while the larger Fuci and other Brown Algae 
occur only in colder spots south of the peninsula (cf. also (27), (36) 

P- 4, (166) p. 2, and map 2, p. 252). A similar dividing line is 
recognisable on the coasts of Spain and in the region of the southern 
Japanese sea. Gail (43), on this basis, distinguishes the entire seaweed 
population of the Northern Hemisphere into a northerly Laminaria 
region (with Ectocarpales, Bangiales and Gigartinales) and a southerly 
Sargassum region (with Siphonales, Dictyotales, and Ceramiales). On 
the coast of North Carolina ((s6) p. 391) the transition between 
northern and southern floras is indicated by the simultaneous presence 
of Fucus vesiculosus and of numerous Florideae with a marked 
southerly range. According to Collins and Hervey ((22) p. 8) the flora = 
of Bermuda has much in common with that of Florida and the West 
Indies (cf. also (178), p. 490). 

The Pacific shores of North America afford an analogous picture, 

although the cold current that skirts a considerable part of the coast 
results in a pronounced southerly displacement of the Laminariales. 
Point Conception approximately marks the limit between the northern 
and southern vegetation ((132) p. 393), although Gail (43) would put it 
at Cape Blanco. The southern shores of the Japanese islands harbour 
a considerable number of seaweeds belonging to the Indo-Pacific 
region ((109) p. 960, (191)), which extend southwards to Australia and 
westwards to the Red Sea (p. 12), while comparatively few of these 
appear to occur on the American Pacific shores, where the similarities 
with the Japanese flora refer more to the subarctic element comprising 
several striking members of Laminariales (p. 254). Okamura (1:1) has 
made a detailed analysis of the distribution of marine Algae in Pacific 
waters. 

Only brief reference can be made to other regions of the world. 
The tropical seaweed flora is distinguished especially by the abun- 
dance and variety of Siphonales and the dominance of Florideae 
(especially Ceramiales); the most important of the Phaeophyceae are 
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Dictyotales and species of Sargassum and Turbinaria, while Lami- 
nariales are completely lacking. It would seem that the algal flora of 
the Tropics shows a greater measure of resemblance to that of the 
Southern than to that of the Northern Hemisphere. A considerable 
number of seaweeds (inter alia diverse Sporochnales and Sphace- 
lariales, many Rhodomelaceae and Delesseriaceae) are restricted to 
the Southern Hemisphere (cf. (s3)). The marine flora of New Zealand 
has something in common with that of Australia, but also includes 
an evident Antarctic element, some of the representatives of which 
are also found in South Africa ((87); cf. map 2, p. 252); there are 
a considerable number of endemic species. Carpophyllum occurs 
throughout New Zealand, while Durvillea (associated with Macrocystis 
and Marginariella) is dominant in the south (6:2) p. 518). The flora 
of the Chatham Islands shows a general resemblance to that of New 
Zealand (126). 

The Subantarctic and Antarctic floras (Gs) p. 152, (44) p. 105, 
(86) p. 77, (157) p. 156, (79) include several species with a circumpolar 
distribution, as examples of which Scytothamnus australis, Halopteris 
funicularis, Durvillea antarctica, Macrocystis pyrifera, Iridaea cordata, 
Balha callitricha (see map 1, p. 8), and Gigartina radula may be 
mentioned. In Antarctic seas species of Desmarestia play a very 
prominent part in the sublittoral region, accompanied by Lessonia and 
Scytothalia, while Durvillea and Macrocystis are more particularly 
characteristic of the Subantarctic zone ((126a) p. 182, (179) p. 65). 

There is often an appreciable degree of correspondence between 
the flora of coasts separated by thousands of miles of ocean or by 
intervening land-barriers. These similarities can in general only be 
explained by taking int’, consideration the changes that have affected 
the distribution of oce ins and of land-masses within recent geological 
epochs. During the Tertiary period, when there was a land-connection 
between Europe and America by way of the Faeroes and Iceland, the 
arctic flora to the north of it probably differed from that to the south 
(Go) p. 806, (125) p. 98); when the connection was broken, a mingling 
of the two floras ensued. During the glacial epochs this vegetation 
was forced southwards into the Atlantic and Pacific Oceans and a 
flora, which was arctic in character, probably occurred as far south 
as England and Northern France. With the advent of a warmer era 
many of the arctic species were again driven northwards, while others 
capable of adapting themselves to a wider range of temperature 
remained to form the present-day element common to the North 
Pacific and Atlantic Oceans. Kjellman (op. 56) established that 
nearly 60°%, of these species also occur in the Arctic Ocean. 

There are, however, many seaweeds common to the Atlantic and 
Pacific which are lacking in the Arctic (e.g. Chorda filum, Fucus | 
vesiculosus, Saccorhiza dermatodea), and these are probably more. 
southern types which migrated northwards during the warmer posi 
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glacial epochs ((1s4) p. 184), at a time when the habitat was still 
continuous. Simmons (san p. 176) regards the greater measure of - 
similarity between the seaweed flora of the Polar Sea and the North 
Atlantic, as contrasted with the North Pacific, as.due to the existence 
of greater opportunities for migration afforded by the more numerous 
coastal paths. In the White Sea (47a) p. 20) the Atlantic element has 
only penetrated into the northern part. 

Rosenvinge ((131) p. 40) concludes that the algal flora of the Danish 
seas migrated into it from the North Sea after the glacial epoch, while 
Levring ((91) p. 163) regards that of the Baltic as a remnant of the 
North Atlantic flora which became established during the Littorina- 
period. ‘here is also a considerable subarctic element (2s) p. 95, 
(161) p. 52). 

It Nas long been assumed that certain genera of sea-grasses 
(Posidonia, Cymadocea), which are found both in the Mediterranean 
and in the Indian Ocean, owe their present distribution to migration 
from the latter into the former during Tertiary times when there was 
an open connection between the two. À similar relation is probable 
for Acanthophora Delilei ((37) p. 289; see map 1), for the species of 
Vidalia, for those of the Bursae section of the genus Codium (63) 
p. 55), and for several other genera. Apart from this Indo-Pacific 
element, the Mediterranean flora also includes a number of genera 
and certain species (e.g. Halimeda Tuna, Hydroclathrus cancellatus, 
Hypnea musciformis, Digenea simplex, Taenioma perpusillum) that are 
widespread in all warmer seas, but the bulk of the flora ((37) p. 291) 
is composed of an element that has arrived from the Atlantic. Part 
of this consists of species common to the Mediterranean and the 
tropical and subtropical Atlantic (e.g. Caulerpa prolifera (see map 1), 
Acetabularia mediterranea, Nereia filiformis, Gracilaria armata), while 
another part comprises species widely distributed in the North 
Atlantic, many of which reach the southern limit of their distribution 
in the Mediterranean (e.g. Stilophora rhizodes, Taonia atomaria, 
Sphaerococcus coronopifolius (see map 1), Chondria dasyphylla); this 
second group probably includes many species which were forced 
southwards during the glacial epochs (cf. also (176)). ‘Che Guernsey 
flora includes a number of Mediterranean species (oni p. 45). 

Many species and varieties found in the Mediterranean are closely 
related to forms found in the adjacent Atlantic, a fact which has been 
specially emphasised by Sauvageau ((134), (136) p. 3, (138) p. 17) in 
relation to the species of Cystoseira (cf. also Get, He points out that 
those inhabiting the eastern Mediterranean differ markedly from the 
oceanic species, although the latter show much agreement with the 
Cystoseiras of the western Mediterranean. Feldmann ((37) p. 297) also 
instances the Mediterranean PAyllophora nervosa (DC) Grev., which 
is closely related to the North Atlantic P. epiphylla. The marine flora 
of the Azores ((142) p. 108) includes many species common to the. 
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Mediterranean and North-west Europe, but there is also a tropical 
element. That of the Red Sea has been analysed by Nasr (187). 

Boergesen ((11) p. 492) has shown that several seaweeds of the 
Indian and Pacific Oceans (e.g. Anadyomene stellata, Dictyosphaeria 
favulosa (see map 1), Neomeris annulata and other Siphonales, 
Liagora valida Harv.*) also occur in the West Indies, though lacking 
at the southern extremities of Africa and America. Murray (es) 
p. 172, Go6)), who first drew attention to this fact, explained the 
discontinuity by assuming a warmer climate at the Cape in earlier 
epochs. During the Pliocene and Oligocene, however, the Caribbean 
Sea was connected to the Pacific Ocean, the isthmus of Panama being 
of comparatively recent date, and Svedelius ((163) p. 9) ascribes the 
above-mentioned similarities to this interoceanic connection. This 
view is based primarily on the present-day distribution of the tropical 
sea-grasses ((153) p. 572) and of the species of Caulerpa, but stress is 
also laid (p. 29) on the occurrence of pairs of closely related (vicarious) 
species of diverse genera (Udotea (see map 1), Padina, Scinaia, 
Galaxaura, Martensia, etc.) in the Indo-Pacific region and the West 
Indies respectively. The present distribution indicates that the Indo- 
Pacific Ocean was the centre from which most of the new types 
migrated into the Atlantic, although the species of Dasycladus, for 
example, are assumed to have originated in the Atlantic. Since species 
showing a discontinuous distribution must have existed prior to the 
severance of the sea-connection between the two oceans, the bulk of 
tropical Phaeophyceae and many of the Rhodophyceae must be of 
younger date than the marine Chlorophyceae. 

Many species ((2) p. 4), which are common to the West Indies and 
to the Canaries, seem to reach the eastern limit of their distribution 
on the shores of the latter or possibly on the adjacent coast of Africa, 
which is yet scarcely explored. Half the species recorded for the 
Canaries, moreover, also occur on the Atlantic coasts of America, and 
the existence of this common element lends some support to the 
theory of a former land-connection between America and Africa. 
Taylor (16s) concludes that the marine flora of Brazil presents much 
similarity to that of the West Indies. 

Many striking instances of discontinuous distribution, for which 
there is at present no satisfactory explanation, are afforded by the 
presence of species, found at the Cape and in West and South 
Australia, also to the north of the Tropic of Cancer (Japan, Arabian 
Sea ((13) p. 58; cf. also (53) p. 574)), although they are apparently 
lacking in the intervening tropical zone. This is paralleled by the 
occurrence, both in the Arctic and Antarctic, of a number of species 
which are not known to occur in the equatorial belt (&4) p. 149, (167) 
although no species of Laminariales or Fucales is common to the two 


1 This applies also to certain elements of the fauna. See also Setchell's (152) 
instructive analysis of the marine flora of Tahiti. 
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poles. The marked contrast between the algal flora of the Japan sea 
and that of the Pacific coast-line of Japan is taken by Okamura (110) 
to indicate the comparatively late origin of the former which until 
that time is supposed to have formed, together with the Japanese 
Islands, part of the continent of Asia. 

Our knowledge of the geographical distribution of marine Algae is 
still too limited to provide much positive evidence as to the existence 
of endemic genera and species. Attention may, however, be drawn 
to the numerous Florideae (especially Rhodomelaceae) at present only 
known from the Australasian region and to the genus Coccophora 
apparently confined to the Japan sea ((110) p. 591). Feldmann (G7) 
p- 297) recognises Laminaria Rodriguezü (p. 196) and Rissoella verru- 
culosa as endemic species in the Mediterranean, the latter charac- 
teristic of wave-swept rocks in the littoral region ((112a) p. 84). 

Certain marine Algae have doubtless been introduced into new 
geographical areas, probably for the most part conveyed on ships' 
bottoms. Comparatively recent arrivals in Europe are Colpomenia 
(p. 109) and the species of Asparagopsis (p. 480), which have been 
brought from Australia and Japan (cf. also (38), (57), (173)). After storms 
considerable masses of seaweeds are often cast up on the shore (Gi, 
(40) p. 174, (129), (188)), many of them bearing viable reproductive organs. 
Itis known, moreover, that many Florideae in particular can regenerate 
from quite small fragments of their thalli (114, 170,171). Ocean currents 
will likewise serve to distribute detached portions of seaweeds, while 
birds may play a part (o) p. 809, (189)). The fact that seaweeds become 
established on volcanic and newly arising coral islands indicates that 
agencies such as those mentioned must be effective. It remains 
doubtful, however, whether any very considerable number. ef marine 
Algae possess the capacity to become naturalised on shores to which 
they are transported by these means ((87) p. 305, (133), (136) p. 3, (163) 
p- 18), and it would appear that the spread of most seaweeds takes 
place rather along coastal stretches than over intervening areas of sea 
((25) p. 100). 
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Class IX. PHAEOPHYCEAE 


While the Algae considered in the first volume comprise in the main 
freshwater and terrestrial forms, the Phaeophyceae or Brown Algae 
are practically restricted to the sea. The few freshwater genera 
(Pleurocladia, Heribaudiella, Bodanella) all belong to the Ectocarpales, 
while true terrestrial types are unknown. Many Phaeophyceae of the 
littoral zone are, however, highly equipped to resist exposure during 
intertidal periods, and a number of Fucales have become adapted to 
life under the special conditions obtaining on salt-marshes (p. 383). 

Although certain genera are largely or entirely restricted to the 
warmer seas (e.g. Hydroclathrus, Chnoospora, most Dictyotales, Sar- 
gassum, Turbinaria), the Brown Algae attain their maximum develop- 
ment, both as regards numbers of species and of individuals, in the 
colder waters of the Northern and Southern Hemispheres. Batters 
((s) p. 22) and Newton 673a) both enumerate 74 British genera, while 
Taylor (2372) has 57. Many distinctive forms occur in the Pacific (218). 
Certain orders (Sporochnales, Sphacelariales) and genera (Splach- 
nidium, Ecklonia, Lessonia, many Fucales) are better represented or 
exclusively found in the Southern Hemisphere. 

The abundant and luxurious growth of Phaeophyceae in Subarctic 
and Arctic regions has been vividly described by Kjellman (161-163); 
development continues during the darkness of the Arctic winter and 
many forms produce their reproductive organs at this time at tem- 
peratures often below the freezing point (Goz) p. 82). Similar data 
have been provided by Skottsberg ((224) p. 154) for the Antarctic. 
These facts have been frequently interpreted as indicating that the 
Brown Algae of the colder seas are shade-forms attaining an adequate 
excess of photosynthesis over respiration in weak light And at low 
temperatures ((78) p. 281, Gesi, Recent investigations (sz,159) have, 
however, shown that certain Phaeophyceae, like certain Rhodophyceae 
(p. 407), have the physiological characteristics of sun-forms, while 
some can adjust their metabolic processes to the varying light- 
intensities and temperatures of different seasons ((136), (160), (61) 
p. 673, (228) p. 53), the larger fucoids being capable of producing as 
much substance oreven more in summer than in winter. Nevertheless, 
the low rate of respiration at low temperatures and the capacity to 
photosynthesise in feeble illumination are no doubt important factors 
conditioning the success of Brown Algae in Arctic and Antarctic 
regions (cf. also (sz) n. 240, (ro). 

A large proportion of the Phaeophyceae are lithophytes, so that they 


- are specially prevalent on rocky shores. Many of the forms with large 


and bulky thalli are surf-loving or, if growing below low-tide level, 
favour situations where there is a marked current and they are subject 
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to the swirl of the waves. No very large number of Brown Algae 
normally live in deep water, although a few can penetrate to very 
considerable depths (Gr), (203) p. 177, (10) p. 482). The majority 
inhabit the belt between tide-levels or grow at such a depth that their 
photosynthetic tissues are displayed but a little way beneath the 
water-surface. 

The Phaeophyceae are in general at a higher level of morphological 
and anatomical differentiation than the classes previously considered. 
No unicellular or colonial forms are at present certainly known,! nor 
is the unbranched filament represented. In other words all the simple 
types of plant-body, so widely found in classes like Chlorophyceae 
and Chiysóphycedo, are lacking. The vegetative body in the least 
specfalised Yhembers 8f Phaeophyceae is a heterotrichous filament, 
a level of differentiation which is the highest attained among Chloro- 
phyceae. 

It is nevertheless highly probable that the evolution of Phaeo- 
phyceae has followed the same lines as that of Chlorophyceae, etc., 
but that the simpler types have either become extinct or still await 
discovery ; there is no apparent reason why they should have perished. 
The few fossil forms (see p. 42) do not help to elucidate the evolution 
of the class. The considerable uniformity in pigmentation of the 
chromatophores, the characteristic fucosan-vesicles (p. 31) implying 
a specialised metabolism, and above all the constant characteristics 
of the motile stages (zoospores, gametes, spermatozoids), indicate not 
only a monophyletic origin, but probably also a derivation from a 
unicellular flagellate ancestry with motile individuals showing these 
special features. Pascher (181) at one time believed he had traced a 
relationship between this hypothetical prototype and the Nephroselmi- 
daceae among Cryptophyceae (1, p. 657), but rightly abandoned 
(G82) p. 153) this view as further details came to light. The Phaeo- 
phyceae are also distinguished by the prevailing isomorphic or hetero- 
morphic alternation in their life-cycle. 


THE GENERAL FEATURES OF VEGETATIVE CONSTRUCTION 


The heterotrichous filamentous habit exhibited by the Ectocarpaceae 
(figs. 4 E; 5 J), seemingly the most primitive members of Phaeo- 
phyceae, shows a marked degree of parallel with that found in 
Chaetophorales among Chlorophyceae (62. As there, the Ectocar- 
paceae include an assemblage of reduced types (p. 58) in which 
essentially only the prostrate system is present. T'he parallel may not, 
however, be, pressed too-far.The heterotrichous habit thus displayed 
er P 


a ` 
1 Thēre,are, however, . diverse indigations of the existence of palmelloid 
types possessing Phaeophycean swarfers; cf. the Pulvinaria algicola of 
Reihhardt ((199) p. 127) and the PAa?ocystis Giraudii (Derb. et Sol.) Lagerh. 
described by Nasr ((170) p. 3), which has fittle in common with P. globosa. 
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in the simplest members of the class is recognisable, a y 
stages of development of the sporophyte, in practically all Ecto- 
carpales (cf. (229) p. 397) and Sphacelariales, although it has dis- 
appeared in most of the more specialised orders (Sporochnales, 
Desmarestiales, Laminariales, Dictyotales, and Fucales); in the Cut- 
leriales it is preserved in a modified form (@s7) and p. 169). The 
persistence of heterotrichy among many of the less specialised 
Phaeophyceae and its disappearance (i.e. elimination of the prostrate 
system) in the more advanced forms is altogether paralleled among 
Florideae (p. 445). In those Brown Algae, which, exhibit hetero- 
morphic alternation, the gametophyte EP “Cutleria) always 
shows traces of the heterotrichous habi T ; 
The bulk of the seaweeds belonging, SC FRA pact 
multicellular types with a more, or les "evident differentiation of ` 
tissues. This is specially marked’ among’ Laminaxigtes’ And Fucales, yj 
where it is combined with a marked degree of eternal differentiation,’ 
and, in some members of the former, with dimensions. that ade y 


those of the larger land- plants. The elaborate ase of 
Ectocarpales are produced in one of two ways, ¥ t from a 
single uniseriate filament or from aggregates- laments by 


dense juxtaposition of their numerous branches (uni- and multiaxial 
construction) giving a pseudo-parenchymatous structure, or (b) by 
division in diverse planes of the cells of a primary filament giving a 
true parenchymatous structure. The filaments by the elaboration of 
which the mature body is thus produced belong to the erect system 
of the primary heterotrichous stage. The details are given under the 
individual forms, and it must suffice to indicate here that in Leathesia 
(fig. 17) and Castagnea (fig. 21 E), for instance, the construction is 
multiaxial (cf. Codium among Siphonales), in Spermatochnus (fig. 27) 
uniaxial (cf. Dasycladus among Siphonales), whilst parenchymatous 
members of Ectocarpales are exemplified by such types as Punctaria 
(figs. 31, 32 C), Scytosiphon (fig. 34), and Asperococcus (fig. 37). In 
uniaxial and parenchymatous types several erect-growing sporophytes 
commonly originate from the same prostrate base (fig. 31 A), and this 
is no doubtsometimes also true of multiaxial forms. While special types 
of uni- or multiaxial thalli are met within Desmarestiales, Sporochnales 
and Cutleriales, most Phaeophyceae are true parenchymatous forms 
and in this respect contrast markedly with the Red Algae. 

The structures produced in the diverse ways indicated above 
undergo strengthening and elaboration by two methods which are 
probably interrelated, since in both there is an outgrowth from already 
mature cells of threads which are com 
uniaxial (Spermatochnus, fig. 27 B, 
and parenchymatous (e.g. Spha 
mentous outgrowths arise s 
apposed to the surface and to 
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an enveloping cortex which may increase in thickness by cell-division. 
Such superficial threads usually contain chromatophores and are 
most suitably designated cortical threads. Quite similar structures 
often arise in the basal parts of the thallus and, spreading over the 
primary attachment system, fulfil a subsidiary rôle in anchorage, so 
that in these instances they could with equal justification be called 
rhizoids. In many Brown Algae (Chordaria, fig. 22 D, hy; Lami- 
nariales, fig. 83 B, hy; Fucales), however, the outgrowing threads 
originate from internal cells and ramify in diverse directions through 
the tissues. Such structures are usually devoid of chromatophores 
and may be called Ayphae. For the most part they probably fulfil 
conducting and mechanical functions and in relation to the latter are 
commonly thick-walled. There is no sharp distinction between cortical 
threads, hyphae, and rhizoids, all of which are merely diverse ex- 
pressions of the capacity of the algal cell to form thread-like out- 
growths. The latter commonly originate from the lower ends of the 
parent-cells, affording evidence of polarity. 

In many parenchymatous types, after the primary longitudinal 
septation demarcating a peripheral from a central series of cells, 
further cell-division tends to be restricted to the superficial layer 
(figs. 33 C; 35 E). The cells of this meristem divide periclinally, the 
segments cut off internally being added to the central tissue, while 
occasional anticlinal division in the surface-layer enables it to keep 
pace with the increasing girth of the whole. This superficial meris- 
tematic activity, which is little marked among the parenchymatous 
Ectocarpales, becomes a pronounced feature in Laminariales (fig. 
83 C) and Fucales (fig. 130 B), where it is responsible for the marked 
increase in thickness attained by the older parts. It is also met with 
in some of the pseudo-parenchymatous forms. 

. The often abundant branching of the laterals borne on the axial 
threads of the pseudo-parenchymatous forms, which leads to the 
formation of a compact cortical region, and the superficial growth of 
parenchymatous forms just discussed, often result in marked tensions 
between the external and internal tissues. Such tisswe-tensions (cf. 
(90) p. 25, (97), (116) p. 828, (168) p. 13, (246) p. 13) are due to a state of 
compression in the outermost tissues, while the internal elements are 
more or less markedly stretched. As a consequence longitudinal strips 
of the thalli of Dictyosiphon, Chordaria, Desmarestia, Chorda, etc., 
especially when placed in water, curve with the outer tissues on the 
convex side; not uncommonly such strips roll up into a complete 
circle. Similar tensions are realised in the stipes of Laminariales 
and in all instances they probably contribute to the flexibility of 
the structures involved. The extensibility of such thalli varies (so), 
being slight in Fucus, which has considerable tensile strength, and . 
more considerable in Halidrys, Ascophyllum, and Laminaria (cf. also 
(245) p. 9). The massive tissues formed by many Brown Algae are for 
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the most part completely devoid of intercellular spaces, although 
certain forms develop numerous air-bladders. 

The Phacophyceae afford some of the best examples of intercalary 
growth among lower plants. The intercalary meristems are typically 
located at the base of a hair, to the increase in length of which they 
contribute to some extent, although the bulk of the segments are cut 
off below the meristem (figs. 5 D; 24 A). This trichothallic growth is 
found in many Ectocarpales, Desmarestiales, Tilopteridales, and 
Cutleriales. Intercalary growth is also met with in Laminariales, where 
the seat of the meristem is the transition zone between stipe and blade. 
Such well-defined intercalary meristems are not, however, represented 
in all Ectocarpales, and in many Ectocarpaceae the growth is diffuse. 

Intercalary growth has, moreover, been replaced by apical growth 
in a number of evolutionary lines among Ectocarpales, as well as in 
Sphacelariales, Dictyotales, and Fucales. There is considerable 
evidence to show that, in certain Ectocarpales (pp. 9o, 112) and Fucales 
(p. 349), the apical cell of the mature plant is at first differentiated 
beneath a hair with a basal meristem. Although no such sequence is 
observable in other series with apical growth, the instances cited and 
the prevalence of intercalary growth among the less specialised mem- 
bers suggest that apical growth in this class is a secondary acquisition 
(cf. also (135) p. 59). 

The Phaeophyceae exhibit not only marked internal differentiation, 
but also display a great range in external form, especially in the more 
advanced orders. This is fully illustrated in the subsequent detailed 
consideration. In many Ectocarpales the thallus consists of branched 
cylindrical or flattened strands presenting little outward differentia- 
tion, but the Punctariaceae exhibit a surface-development presenting 
many analogies with that of the Ulvaceae among Green and of the 
Bangiales among Red Algae; the thallus in Punctariaceae is, however, 
based on a heterotrichous system (p. 100). Marked morphological 
elaboration, accompanied by the development of pseudo-axillary 
branch-formation, is met with in some Sphacelariales (p. 274). 
A foliose differentiation of certain parts of the thallus is specially 
characteristic of Laminariales and Fucales, the leafy expanses of 
which are either differentiated parts of the thallus (Laminaria) or 
represent special outgrowths (Alariaceae, Sargassum) (cf. the gameto- 
phytes of Hepaticae). At the same time the Laminariales exhibit a 
method of thallus-elaboration by progressive splitting of the primary 
foliar expanses that is unique among Thallophyta. Dichotomous 
branching is typical of many Dictyotales and some Fucales, the latter 
showing a striking developmental series in which monopodial pro- 
gressively replaces dichotomous branching. 

Although many Brown Algae (Ralfsia, Lithoderma, many Lami- 
nariales and Fucales) are lithophytes, a considerable number (Ecto- 
carpales, Sphacelariales, etc.) are epiphytes. In diverse of these some 
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of the filaments (figs. 7 D, E; 16 B, E) penetrate into the foreign tissue 
to an appreciable depth and the non-endophytic part of such forms 
is commonly reduced to a more or less marked extent. As a general 
rule the endophytic filaments possess chromatophores and only 
traverse the gelatinous walls of the host, although diverse instances 
are on record of actual penetration of the cell-cavities (p. 58). It is 
scarcely possible to speak of parasitism since, although the contents 
of the host’s cells adjacent to the endophytic filaments are commonly 
disorganised or destroyed (cf. e.g. (202) p. 230), there is no evidence 
that the endophyte draws any nourishment from them. The fact that 
fucosan is usually lacking in the vicinity of the endophytic filaments 
(cf. e.g. (8) p. 9) is proof of some change, but not of parasitism. True 
parasites, destitute of photosynthetic pigments, are lacking.! 


THE CELL-WALL 


The cell-walls of Phaeophyceae are commonly gelatinous and appear 
to consist of pectic substances with a layer giving the reactions of 
cellulose adjacent to the protoplast ;? according to Kylin ((121) p. 346) 
calcium is present in the middle lamella. Diverse gum-like mucilages 
have been extracted with water, the chief being algin (26) and 
fucoidin ((120) p. 191, (121) p. 404). The latter, especially abundant in 
Laminaria (cf. also (64) p. 36), though found also in Fucus and in very 
small quantities in Ascophyllum, is, according to Bird and Haas Go), 
a carbohydrate ester of sulphuric acid (cf. also (73), 669). Algin seems 
to be more widely distributed ((29), (86) p. 47, (87), (00), (141), (262)); that 
of Laminariales is stated to be a polymer of mannuronic acid (10,173). 
It has many economic uses, being employed in the preparation of 
adhesives, artificial silk, etc. (65). A third substance, fucin ((87), (121) 
P- 412, (251) p. 635) is, according to Miwa (154), very similar to algin 
and likewise contains sulphur (ss). Magnin (G42) p. 646) states that 
callose is present in the cell-membrane in Ascophyllum nodosum and 
Laminaria digitata. Callus is widely distributed in the sieve-tubes of 
Laminariales. 

The abundant mucilage of the larger Brown Algae is only in certain 
Laminariales located in definite mucilage-canals (p. 238). It can 
hardly be doubted that it plays a significant róle in the survival of the 
littoral Fucales during exposure. Pringsheim (88) p. 252; cf. also 

1 Fungal parasites do not appear to attack Brown Algae very frequently. 
Dothidella Laminariae Rostr. occurs on diverse species of Laminaria ((56) p. 10, 
(98) p. 149) and Estee (55) reports galls due to Guignardia on Cystoseira .and 
Halidrys. Ollivier (178) records Chytridineae on Ectocarpus (cf. also (267)) 
and a Pyrenomycete (Melanopsamma) on various Brown Algae (see also (1784) 
p. 165), while Schiffner ((209) p. 172) found an Olpidium on the propagules 
of Sphacelaria tribuloides. According to Brandt ((14) p. 32) Macrocystis and 
other Laminariales are subject to a bacterial disease. 

2 See (80) p. 122, (99), (121) p. 347, (154), (168) p. 10, (172), (189), (201) p. 181, 
(224) p. 121, (240) p. 39, (246) p. 47. 
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(84) p. 78) concludes that the water-holding capacity of Fucus is due 
to the cell-membranes and not to the osmotic properties of the 
cells. 

Calcification of the membrane is very exceptional, although met 
with in species of Padina, where the incrustation consists of arra- 
gonite (187). Iron incrustation is likewise uncommon; it is recorded 
especially in Padina ((56) p. 12) and Sphacelariales (623) p. 113). 


THE PROTOPLAST 


The cytoplasm of Phaeophyceae does not exhibit the marked viscosity 
seen in many Red Algae. Plasmolysis is easily effected ((133) p. 241) 
and, although complete rounding off of the protoplast is rarely 
obtained, there is no marked adhesion to the cell-walls ((03) p. 393). 
The capacity for deplasmolysis varies ((9), (rs) p. 446, (88) p. (55)). The 
mitochondria, appearing as rounded (fig. 1 P, ch) or filiform bodies, 
have been studied especially by the French school (@4) p. 161, (ar), (or), 
(145), p. 112). They are not affected by intra vitam stains that colour the 
vacuolar contents, but as a general rule are stained by iron haemato- 
xylin after fixation (10%, formalin in sea-water). An origin of the 
chromatophores from mitochondria has been advocated ((67) p. 285, 
(174). 

The cells commonly possess numerous small vacuoles (fig. 1 H, K, 
L, v) separated by delicate cytoplasmic lamellae ((3:) p. 452, (34) p- 421, 
(145) p. 110, (244)); in Sphacelariales (fig. 91 G), in particular, the - 
numerous vacuoles give an alveolar structure to the cytoplasm ((255) 
p. 118; see also (167) p. 166). A single central vacuole is, however, 
reported in Dictyota, species of Fucus, Sporochnus, etc. According 
to Chadefaud (G8), (4) p. 184) the sap includes colloidal sub- 
stances (metachromatin), very abundant in Desmarestia (oa p. 6), 
which are responsible for the intra vitam staining with neutral red or 
cresyl blue and are sometimes slowly precipitated by the latter as 
granules or crystalline clusters (fig. 1 K, m; P, e); some of these may 
be due to iodides ((126) p. 56, (149)). 


The reaction of the vacuolar contents is neutral or alkaline ((4) p. 786, 
(18), (24) p. 184; (131) p. 5, (145) p. 139); Kylin ((121) p. 348) found it to be 
neutral or very slightly acid in Laminariales and Fucales. Aqueous 
extracts, on the other hand, are acid (27), with a pH of 4:6-6:8 ((130) 
p. 646). In diverse species of Desmarestia the extract is stated to have 
a pH of about 1 (259), although there is difference of opinion as to the 
nature of the acid present (128), (250). The bluish colour assumed by 
certain species of this genus (e.g. D. viridis) after death is due to the 
action of the acid sap on the fucoxanthin of the chromatophores. The 
osmotic pressure, determined cryoscopically, lies between 30:2 and 
31:8 atmospheres in diverse Fucales ((165) p. 131), while Hurd (os) by 
a less precise method determined it as 22:7 atmospheres in Nereocystis. 

. Kylin (833) p. 241) gives much higher values and points out that the 
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` Fig. x. Chromatophores of Phaeophyceae. A, B, Carpomitra costata (Stackh.) 

% Batt., cells of gametophyte. C, Ascocyclus secundus Strömf., vertical section. 
E D, Taonia atomaria J. Ag., apex of thallus in section. E, Padina pavonia | 
1 J. Ag., longitudinal section through apex. F, Lithoderma fatiscens Kuck., — 
id two erect threads. G, Asperococcus bullosus Lamour. H, Dictyota dichotoma i 
(Huds.) Lamour., apex. I, M, Pylaiella fulvescens (Schousb.) Born. J, L, 
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younger cells often have a somewhat higher osmotic pressure than the 
older ones. 


CHROMATOPHORES AND PIGMENTS 


The chromatophores of Phaeophyceae are almost invariably parietal. 
Axile chromatophores: are recorded only in Pylaiella fulvescens (fig. 1 
I, M), where they are stellate structures something like those of a 
Zygnema and present to the number of one or two in each cell (:2). 
In the vast majority of Brown Algae the photosynthetic cells contain 
numerous small discoid chromatophores (fig. 1 D, E, K, P, c; 
(24) p. 146, (211) p. 34, (213) p. 11). 

Among Ectocarpales there is, however, some variety of form. In 
diverse genera the cells contain-but a single, usually plate-shaped 
chromatophore (species of Ectocarpus; Ascocyclus, fig. 1 C; diverse 
Myrionemataceae; Petalonia Fascia (17) p. 111; Scytosiphon Lomen- 
traria (193) p. 214; Colpomenia (208) p. 329). In others the number of 
chromatophores is limited. Thus, in Lzthoderma (fig. 1 F ; (114) p. 166) 
there are 4-8 and in Hecatonema terminalis (Kiitz.) Kyl. (G93) p. 215) 
2-3 curved plate-shaped chromatophores in the cells, often fitting 
closely together; much the same obtains in Dictyosiphon. Ribbon- 
shaped chromatophores occur in some species of Ectocarpus (fig. 1 O; 
(109) p. 308, (213) p. 14) and in Phloeospora ((193) p. 215), where they 
are branched ; in E. confervoides the ribbon is often narrow and spirally 
twisted. In the older cells of these species of Ectocarpus, however, 
one often finds a considerable number of small discs. The occurrence 
of single chromatophores in diverse Ectocarpales is in conformity 
with the general low level of differentiation exhibited by this order. 
It is probably correct to assume that, as in other classes of Algae, this 
marks the primitive condition and that the occurrence of numerous 
discoid chromatophores represents a more advanced state. The single 
dissected chromatophore in the gametophyte of Carpomitra (fig. ı 
A, B) is in marked contrast to the numerous discoid chromatophores 
of the sporophyte ((207) p. 155). 


The small chromatophores within the apical cells of Fucus and 
Cladostephus ((143), (145) p. 133) undergo appreciable enlargement in the 
outer, although they remain small in the inner cells of the mature 
thalli; the reproductive organs also contain small plastids. A similar 
enlargement and flattening of the chromatophores is recorded by 


Mesogloea sp., stained with cresyl blue; J, single chromatophore, with 
pyrenoid. K, Pylaiella littoralis (L.) Kjellm. N, O, Ectocarpus siliculosus 
(Dillw.) Lyngb.; N, chromatophores with pyrenoids. P, Fucus vesiculosus L., 
cell of hair, stained with cresyl blue. c, chromatophore; ch, mitochondria; 
e, endochromidia; f, fucosan-vesicles; g, fat-globules; A, hair; m, semi- 
crystalline deposits in vacuole; n, nucleus; p, pyrenoid; v, vacuole. (A, B 
after Sauvageau; C after Reinke; D, E after Senn; F after Kuckuck; G after 
Kylin; I, M after Boergesen; N, O after Knight; the rest after Chadefaud). 
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Senn(217) in diverse Dictyotales. The stigma in the motile elements of 
Phaeophyceae is, according to Chadefaud ((21), (24) p. 153; cf. also (147)), 
invariably differentiated as part of a plastid (cf. fig. 43 L, N). 

Many Brown Algae show movements of the chromatophores in 
response to changes in the intensity and direction of illumination ((117), 
(205), (206) p. 9, (217)). When the light is of medium intensity the chro- 
matophores take up a position against the external walls, while in bright 
light there is movement to the side walls. Since the fucosan-vesicles 
remain stationary during such changes, Senn ((2:7) p. 136) concludes 
that there is active movement of the plastids themselves. Hypertonic 
solutions cause the chromatophores of Dictyotales to take up a surface 
position, whilst in hypotonic solutions they tend to shift to the side 
walls (117). According to Senn the chromatophores of diverse Phaeo- 
phyceae (Dictyotales, Zanardinia, Asperococcus) assume a spherical or 
ellipsoidal shape in weak light or darkness, while Sauvageau (205) 
records contraction of those of Saccorhiza in bright light. The single 
band-shaped chromatophore of Petalonia becomes inrolled in weak 
light. Some Phaeophyceae (Cystoseira, Dictyota) exhibit a bluish or 
greenish iridescence in strong light; in Cystoseira (cf. (7) p. 699), as in 
Red Algae (p. 584), this is due to the aggregation of special protein- 
masses beneath the external walls (fig. 130 G, 2). 

Bodies of doubtful nature, but since Kuckuck's investigations 
(G12) pp. 101, 130; cf. also (8) p. 56) usually described as pyrenoids 
(Phaeophycean starch of Schmitz (:3) p. 154), occur in diverse 
Ectocarpales ((119) p. 5, (124) p. 11), as well as in Haplospora ((194) 
p. 114), Nereia, and Arthrocladia ((8) p. 57); they appear to be lacking 
in the higher orders. The bodies in question are never embedded in 
the chromatophores. They are commonly more or less pyriform and 
attached by their narrower ends to the surface of the latter (fig. 1 
G, p); in Mesogloea (fig. 1 J, L, p) they are definitely stalked (cf. 
Ochrosphaera, 1, p. 508). In other instances (e.g. Asperococcus com- 
pressus (217) p. 109) they appear more or less globose (fig. 1 O, $). 
According to Knight ((e9) p. 308; cf. also (25)) the pyrenoids of 
Ectocarpus siliculosus are either closely apposed to the chromatophore 
or attached to it by a stout or slender strand of cytoplasm (fig. 1 N), 
the latter condition being regarded as secondary; some evidence is 
produced for the origin of these bodies from the chromatophores. 
They are present also during zoospore-formation. 

Treatment with a 0:1 % solution of picric acid in seawater causes 
bursting of the fucosan-vesicles, while leaving the pyrenoids intact 
(G19)-p. 7). Whilst staining like the pyrenoids of other Algae, they do 
not show the usual protein-reactions (@+) p. 148) and their true 
character and function still remain obscure. They may represent a 
metabolic product of a nature different from that of the pyrenoids of 
other Algae, a view which finds some support in the fact that they 
can apparently become detached from the chromatophores (08) p. 157, 
(213) p. 155; cf. however (119) p. 8). 
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The characteristic coloration of Phaeophyceae, varying from olive- 
yellow to deep brown, is due to an accessory carotenoid pigment, 
fucoxanthin (also called phycoxanthin 653)),! which was first isolated 
by Willstätter and Page (49) p. 253), although its presence had been 
recognised long before ((«18), (192), (225) p. 461, (242) p. 240). It is 
accompanied (cf. also (3s), (74), (198) p. 214) by chlorophyll a, with only 
small traces of chlorophyll b; according to Seybold and Egle (@20) 
p. 57) the latter is altogether wanting. Howard (oz) finds evidence of 
a chlorophyllase in Nereocystis. Various workers report the presence 
both of carotene (236) and of xanthophyll (fucoxanthophyll of Tswett 
(92), (125) p. 60, (220) p. 63, (249) p. 249), although Heilbron ((17) pp. 97, 
104, (82)) states that B-carotene and fucoxanthin are the only caro- 
tenoids present in fresh Fucales and that xanthophylls are lacking; 
they find evidence, however, of their presence in Ectocarpales and 
Sphacelariales. Kylin (634) p. 8) has recently cast doubts on these 
conclusions. Lubimenko (39, (140); cf. also (249) p. 252) states that 
the amount of chlorophyll in Brown Algae is only 30% of that in 
Zostera, whilst Seybold and Egle(zo) find that the Brown Algae 
investigated by them contain just as much chlorophyll and carotenoid 
pigments per unit of surface as the Chlorophyceae and that the 
molecular ratio of green and yellow pigments is the same in both. 
The sublittoral forms are not poorer in pigments than the littoral 
ones. All Phaeophyceae so far examined contain fucosterol ((17) p. 104, 


-(83)), and flavins are widely represented ((81), (243) p. 260). 


An impure solution of fucoxanthin is readily extracted from the 
dead alga with water, leaving the chromatophores green. The formula 
is C4 H4,,0, (C44H5,0, according to Willstitter and Page). The 
aqueous solution is orange-yellow, whilst the crystals are red-brown 
with a bluish sheen. There is nothing very distinctive about the 
absorption spectrum (192), save for the strong absorption of the blue 
rays (fig. 2 À, F). The amount of fucoxanthin varies; Lamznaria, 
Dictyota, Petalonia Fascia, Pylaiella littoralis, and species of Ectocarpus, 
for instance, are rich, while the species of Fucus are poor in it. 
According to Montfort ((163) p. 539) the last, like most of the littoral 


: Brown Algae, are rich in xanthophyll and phylloxanthin. Of the two 


modifications of fucoxanthin previously recognised by Kylin (25) 
p. 64) one has proved to be a post-mortem oxidation-product of the 
other ((82), (134) p. 9). 

Until recently it has generally been doubted whether the fucoxan- 
thin participates in any way in the process of photosynthesis. Montfort 


1 The phycophaein of earlier writers (153,214) is a post-mortem oxidation 
product ((157), (225), (242) p. 236) and, according to Kylin ((118) p. 223, (119) 
P- 17, (120) p. 172, (124) p. 16), is formed from fucosan. Molisch's view ((157) 
P. 135, (158) p. 256) that the colour of Brown Algae is due to a modification 
of chlorophyll called phaeophyll, which was stated to give rise to chlorophyll 
after death, is now only of historical interest. 
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((162) p. 761, (163) p. 539; cf. also (164), (212)) has, however, shown that 
Brown Algae rich in fucoxanthin exhibit a much higher rate of photo- 
synthesis in blue light than those which are poor in it (fig. 2 B); 
elimination of blue rays effects marked reductions in the photo- 


ce 


$ plis = = 
—  fetocarpys 


red Bine greenblue 


Fig. 2. A, absorption-curves of living Monostroma (M), living Petalonia (P), 
and of a fucoxanthin-solution (F, interrupted line) (after Oltmanns). B, 
relative photosynthesis (apparent assimilation) in red and blue light of diverse 
marine Algae, in relation to photosynthesis in red light (after Schmidt). 
C, ditto in red and green light (after Schmidt). 


synthesis of such forms. According to Schmidt (@ı2); cf. also (197)) 
forms poor in fucoxanthin agree with Green Algae in showing 
maximum photosynthesis in red (fig. 2 B), a lower maximum in blue, 
and a pronounced minimum in green light (fig. 2 C), whereas those 
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with more fucoxanthin exhibit a maximum in blue, a lesser one in 
red and a feebly indicated minimum in green light. The two opposing 
types are not in any way related to the light-intensities in the habitats 
frequented by the seaweeds in question and are distinguishable both 
among sun- and shade-forms, although the relative values for photo- 
synthesis in light of long and short rays depends on the intensity of 
illumination. Both Montfort and Schmidt conclude that fucoxanthin 
plays a photochemical rôle in photosynthesis. Kniep ((106) p. 122) 
earlier suggested that the presence of the brown pigment led to a 
better utilisation of all the incident rays, while according to Shelford 
and Gail (G2) p. 171) certain sublittoral Laminariales are abundant 
only down to a depth at which there is still a sufficiency of the shorter 
wave-lengths. At Puget Sound these seaweeds exhibit a maximum 
photosynthesis at about 8 metres, whereas Desmarestia ligulata, 
inhabiting deeper water, has the maximum at 15 metres and Fucus 
evanescens at 1 metre (63). Prat (186) shows that many littoral Brown 
Algae absorb ultra-violet rays. 


FUCOSAN-VESICLES 

A very characteristic feature of the Phaeophyceae is the presence, 
especially in meristematic, photosynthetic, and reproductive cells 
((20), (24) p. 213, (48), (119) p. 10, (124) p. 12), of large numbers of highly 
refractive, colourless vesicles which are variously termed physodes 
(G3) p. 166, (24), Go, (33), (34) p. 425, (51) p. 8) or fucosan-vesicles 
(Gr9) p. 9, (120), (121) p. 402, (124) p. 12, (132)). They were first clearly 
distinguished from the pyrenoids by Schmitz ((:3) p. 155). They are 
commonly aggregated around the nucleus (fig. 1 H, K, f) and vary 
considerably in size, sometimes reaching a diameter of An or more. 
The contents are fluid and acid in reaction, so that they assume a 
reddish violet colour on treatment of fresh material with neutral red, 
while with cresyl blue (144) they become turquoise blue; the ordinary 
vacuoles, on the other hand, take on orange-yellow and violet colours 
respectively with these two reagents in conformity with the alkaline 
nature of their contents (oan, (e) pp. 184, 216, (131), (132) p. 4, Gas) 
p- 139). 

In Laminaria Chadefaud (23) records vesicles devoid of fucosan and 
stained violet with cresyl blue, but Kylin ((132) p. 8) states that these 
are found only in unhealthy material. Vital staining of the fucosan- 
vesicles is also readily achieved with methylene blue, while indophenol 
blue in statu nascendi colours them blue-green (U8) p. 159, (4) pp. 190, 
217). A very striking reaction, long employed in their demonstration, 
is the red coloration with vanillin hydrochloride (cf. also (185)). Osmic 
acid stains them black, which has led to the mistaken view that they 
contain fat ((13) p. 166, (73) p. 266, (191) p. 328, (240) p. 38). 

The contents of the vesicles consist of a substance known as fucosan 
which, although not precipitated by iron chloride (629) p. 171), shows 
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many of the properties of tannins (cf. also (8) p. 56) and is usually 
regarded as a derivative of phloroglucin ((30) p. 301, G19) p. 18). 
Hansteen's ((76) p. 346, (77) p. 612) conclusion that the contents were 
a carbohydrate and represented a first product of photosynthesis is 
due to confusion with laminarin (p. 33), while his assertion that they 
are formed by the chromatophores (cf. also (o4) p. 72) is due to a 
failure to distinguish pyrenoids and fucosan-vesicles (32). The latter 
originate in the cytoplasm, independently of the chromatophores 
(&32) p. 5, @40) p. 37). Mangenot (45) p. 141) believed that they arose 
primarily in the vacuoles, but their occurrence here has been shown 
to be secondary (8) p. 163, Go), (48) p. 296) and, according to Dangeard 
(G2) p. 371), is a pathological condition (cf. however (24) p. 193). The 
evidence for Chadefaud's view (cf. also (22) p. 45) that fucosan- 
vesicles develop from mitochondria is inadequate and for the present 
they may be regarded ((:19) p. 9, (124) p. 12, (132) p. 7, (150)) as vacuoles 
of a special kind, the mode of origin of which is not clear. According 
to Chadefaud (Gap. 192) they are formed only in the apical cells in 
Sphacelariales. 

The vesicles not uncommonly show movements which may be 
accompanied by change of shape (63) p. 167, (39) p. 296, (77) p. 622, 
(113) P. 299, (119) p. 10, (124) p. 13) and are sometimes rapid ((48) p. 296); 
it is not clear whether these movements result from cytoplasmic 
streaming or from physical causes. T'here is some evidence that the 
vesicles can multiply by division ((20), (24) p. 223, (132) p. 8), and Kylin 
(G21) p. 403) believes that several may fuse. Chadefaud ((4) p. 229) 
provides data indicating a possible excretion of fucosan. 

The structures under discussion occur wherever intensive meta- 
bolism is taking place and are no doubt a by-product, which is, 
however, intimately related to the processes of nutrition! ((24) p. 227, 
(124) p. 18, (132) p. 9, (240) p. 38). Comment is frequently made on the 
absence of fucosan-vesicles from the cells adjacent to the endophytic 
filaments of “ parasitic ” Algae, as for instance in Ascophyllum attacked 
by Polysiphonia fastigiata (p. 548); this is evidence of a metabolic 
disturbance, but does not imply that the vesicles arc of the nature of 
a food-reserve. There does not appear to be any good evidence that 
they accumulate in the light, in fact in Ectocarpus siliculosus an 
increase during prolonged darkness is recorded ((109) p. 309). Knight 
reports diminution during nuclear division, while Sauvageau ((296) 
p. 44) describes a progressive decrease during the maturation of the 
sporangia of Saccorhiza. Fucosan-vesicles are often found in the 
young cells of hairs Gei, In Fucus serratus Pontillon (184) observed a 
greater abundance of the vesicles at low than at high tides, as well as 
on the side facing upwards during exposure; this latter is not due to 


! Chadefaud ((24) p. 194; cf. also (151) p. 8) recognises similar structures in 
certain Xanthophyceae (I, p. 492), as well as in Chrysomonadineae and 
Euglenineae, but it remains doubtful whether they are of the same nature. 
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illumination, since the same effect is observed when the thallus is 
shaded. 

In certain Phaeophyceae (Sphacelariales, p. 265) the fucosan- 
vesicles accumulate in special cells; such are also the ascocysts of 
Ascocyclus (fig. 8 D, a, p. 59) and the “ glands ” of certain Laminariales 
(@04), (206) p. 10; fig. 86 D, F, p. 239). 


PRODUCTS OF PHOTOSYNTHESIS 


Kylin ((120) p. 175, (21) p. 363, (123), (128) p. 10; cf. also @38)) is of the 
opinion that simple reducing sugars (dextrose) constitute the first 
products of photosynthesis, but that they occur in such small quan- 
tities that they can only be detected after concentration ; others (Go), 
(86) p. 41, (195) p. 421) have failed to obtain evidence of their presence. 
Haas and Hill (60) found a pentose in the forma libera of Pelvetia 
canaliculata, but could not detect it in Fucus serratus and Ascophyllum 
nodosum ; cf.-also the fucose of various investigators ((68), (169) p. 301). 
Kylin believes he has detected a disaccharide (laminariose). 

Of frequent occurrence are dextrin-like polysaccharides grouped 
as laminarin! ((120), (121) p. 371, (123) p. 239, (195), (239), (256)). They 
appear to constitute food-reserves and are believed by Kylin to arise 
from the simple sugars of photosynthesis. After extraction laminarin 
appears as a white, tasteless powder soluble in water, the solution 
being laevorotary. It is not coloured by iodine, assumes a faint red 
tint with Fehling’s solution, and is transformed into dextrose on 
hydrolysis with sulphuric acid, as well as after treatment with diastase 
(ai p. 371). Laminarin is particularly abundant in Laminaria 
(cf. also (64) p. 36), whilst Fucus vesiculosus and Ascophyllum nodosum 
contain relatively little; in Laminaria it occurs copiously during the 
summer and is used up in winter ((120) p. 186, (12:1) p. 398). It appears 
to be lacking in diverse other Phaeophyceae that have been investi- 
gated (e.g. Halidrys siliquosa, Chorda filum, Chordaria flagelliformis, 
etc. ; (29), (123) p. 240). Enzymes capable of hydrolysing carbohydrates 
have been demonstrated in Laminaria (47,239) and Nereocystis (230). 

Mannitol appears to be more widely distributed.” Haas and Hill 
((72) p. 56; cf. also (29)) indeed suggest that it may be universal and 
that the presence of such sugar alcohols may account for the extreme 
scarcity of free sugars, which are supposed to undergo immediate 
conversion into alcohols and polysaccharides. According to Kylin 
mannitol occurs as a frequent food-reserve in Laminariales, Fucales, 
etc., but he failed to find it for instance in Desmarestia viridis and 
Stilophora rhizodes; in Laminaria the amount varies in different 
seasons ((195) p. 423). The mannitol is sometimes present (70) as an 

1 This is the fucosan of Hansteen ((76) p. 346). 

S e di (64) p. 36, (70), (120) p. 174, (123), (169) p. 299, (195) p. 421, (216) p. 97, 
227 
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anhydride (mannitan) Oxalates are recorded in diverse Phaeo- 
phyceae ((21) p. 351, (128) p. 10). 

Fats are commonly present ((18) p. 156, (20) p. 17, (119) p. 22), being 
recorded in Fucales (especially Ascophyllum), in the young sporangia 
of Chorda filum, in the photosynthetic tissues of Laminaria, etc. There 
is a greater amount of fat ((72) p. 56, (200)) in exposed forms (Pelvetia) 
than in those which are mainly submerged (Laminaria); moreover the 
fats in the former are more highly saturated. There is also some 
seasonal variation. 

The facts indicate that Brown Algae possess a carbohydrate meta- 
bolism which shows many distinctive features, although clearly 
following a course parallel with that of other holophytic plants. 
Little is known of the nitrogen metabolism. Nitrates are sometimes 
recognisable in the growing apices (233), although absent from older 
parts (21) p. 339, 670 p. 280). In Laminaria they are found in the 
stipe, but there is little in the blade or in the transition zone (e32) 
p. 83); according to Wille (47) p. 330) the newly developing blades 
are richer in nitrogen and phosphorus than the old blades or the 
stipes. Hoagland ((86) p. 46) concludes that much of the nitrogen 
present is not in the form of proteins. In the littoral Fucales Haas 
and Hill (Go (72) p. 64) found an octapeptide of glutamic acid, 
although this was lacking in the forms inhabiting the lower zones. 
It is suggested that this is due to interruption of the normal meta- 
bolism of the former owing to the long periods of emersion. In 
artificial cultures growth is usually markedly increased by the addition 
of nitrates to the sea-water (122). Phosphates are easily demonstrated 
in diverse Phaeophyceae (82:1) p. 341), while Desmarestia is rich in 
sulphates. The larger Brown Algae have been an important source 
of potash, to. which they largely owe their manurial value. 

Diverse Laminariales and Fucales contain considerable quantities 
of vitamins (259, 261. 263), the vitamin C in Laminaria being more 
abundant in spring than in winter. 


IODINE 


The larger Brown Algae were long one of the sources of commercial 
iodine (cf. (s1), (s3)). Whereas sea-water only contains on the average 
2 mg. of this element per litre, largely in an organic form (6s), the 
species of Laminaria in particular contain appreciable amounts, 
although the data as to the actual percentage in the dry weight 
((6), (57), (64) p. 36, (129) p. 60, (216) p. 96, (247) p. 336) are rather variable. 
Kylin (426) p. 59; cf. also (57), (241)) gives the following percentages of 
KI in the fresh weight: L. saccharina, stipe, o:19; transition zone, 0°30; 
L. Cloustoni, stipe, 0-30; other data for Laminariales are: Nereocystis 
(G96) p. 91), 0:08-0:22 95 ; Eisenia bicyclis (177), 0:15-0°35 %. On the 
other hand the amount in Fucales is less, being only 0:02% in 
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Himanthalia, although Scruti (1s) gives for Sargassum linifolium 0-12 % 
or less (cf. also (237), (268)). Kylin (126) also quotes low values for many 
other Brown Algae. In Laminarias there is more iodine in the younger 
than in the older parts, and the amount is greatest in July and 
decreases markedly in autumn (69, (61), (215). Opinions differ as to the 
form in which the iodine occurs (s8}, (59), (216) ; according to some (s3), (177) 
most of it is present as an organic compound soluble in water. The 
presence of iodides in the vacuoles can be demonstrated with cresyl 
blue ((39) p. 187, (40) p. 39, (126) p. 53, (148), (149)). 

The localisation of iodine in special cells, such as is typical for 
diverse Florideae (p. 586), has not been observed in Phaeophyceae. 
On the other hand, the latter are distinguished by the liberation of 
iodine from the living alga under natural circumstances ((36-40), (43-46), 
(126) p. 78, (127), (231), (241) p. 66). This is very marked in certain seasons 
in the European species of Laminaria, as well as in Ascophyllum 
nodosum and Pelvetia canaliculata, less obvious in Alaria and in the 
species of Fucus; it takes place from the surface-layer ((36) p. 514, 
(37) p. 97) and is readily demonstrated by the blue colour assumed by 
starch-paste. Kylin ((126) p. 73) showed that the escape of iodine 
depends on the presence of ‘iodide-oxidases’ (cf. also (3), (189), (216) 
p. 88), which are believed to be located in the outer walls of the 
surface-cells ((44) p. 235, (46), (127) p. 206). In the presence of oxygen 
(cf. also (37) p. 111, (39) p. 218) and of an acid reaction in the membrane, 
these enzymes act upon the iodides that have diffused into the walls. 
The liberation of iodine must depend also on various causes affecting 
the degree of permeability of the cytoplasm of the surface-cells to the 
iodides of the sap. Liberation of iodine is in fact increased by im- 
mersion and exposure, by variations in temperature, wave-action, 
etc. (4s). Regarding peroxidases, see (264). 


THE NUCLEUS 


The nuclei of Phaeophyceae are usually large, their size being often 
closely related to that of the cell. Those of apical cells are commonly 
especially conspicuous and this is particularly marked in Sphace- 
lariales, the nuclei of which have, as a consequence, been frequently 
investigated ((28) p. 10, (s4), (66), (85) p. 347, (o), (234), (55)). A multi- 
nucleate condition is exceptional, although recorded in some Lami- 
nariales and in the older cells of Halopteris. The nuclei possess a 
large and readily stained nucleolus, and a delicate network, usually 
with little chromatic material (fig. 3, A, E), although obvious chromatin 
masses are reported in a few Fucales (fig. 3 F; (199) p. 170); some of 
the latter have nuclei with two nucleoli (fig. 3 F, z). The nucleoli are 
frequently vacuolate and this apparently becomes more marked during 
mitosis. 

No other class of Algae affords such clear examples of centrosomes 
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which, however, seem to be most readily demonstrated in the higher 
orders and in certain instances have only been recognised in the 
reproductive cells (@), Gei p. 9). They are very conspicuous in the 
apical cells of Sphacelariales (fig. 3 B, c), in Dictyotales (fig. 3 A, c; 


Fig. 3. Nuclei of Phaeophyceae. A, Dictyota dichotema (Huds.) Lamour. 
B, Halopteris scoparia (Kütz.) Sauv., metaphase. C, Pylaiella littoralis (L.) — 
Kjellm., upper nucleus in metaphase. D, G, H, Fucus vesiculosus L.; D, 
metaphase; G, polar view of anaphase; H, late anaphase. E, Bifurcaria ` 
tuberculata Stackh. F, Fucus lutarius Kütz. c, centrosome; ch, chromosomes; | 
n, nucleolus. (A after Mottier; B after Escoyez; C after Knight; E, F after | 
Roy; the rest after Yamanouchi.) 


G6) p. 144, (166), (67) p. 170), and in Fucales (fig. 3 D, c; (176), (199) 
p. 176, @s2) p. 175). The centrosomes, which are commonly described 
as rod-shaped, always lie in close contact with the nuclear membrane 
and are usually the centre of cytoplasmic radiations (fig. 3 À, B, D) 
which have sometimes alone been observed ((79) p. 242, (8s) p. 348); 
in Cutleriales (53) p. 448, (54) p. 4) and in certain other instances ` 
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(@8) p. 11) they have only been recognised at metaphase. According 
to Zimmermann ((ss) p. 121) the radiations around the centrosomes 
of Sphacelaria arise through a reorientation of the cytoplasmic 
lamellae between the alveoli, which is accompanied by an increase in 
viscosity ; this definite orientation is lost during metaphase. 


At the commencement of mitosis the nucleus usually enlarges and 
two centrosomes with accompanying radiations become visible (fig. 3 A). 
It is still a matter of debate whether the second centrosome arises by 
division (167), (234) or de novo (34) ; according to Georgevitch (66) it is intra- 
nuclear in origin and derived from the fragmenting nucleolus. During 
prophase the chromatin in the outer nucleus increases in amount and 
gradually aggregates to form the small chromosomes; simultaneously 
the nucleolus stains less deeply and becomes more evidently vacuolate, 
although as a general rule persisting up to metaphase. Diverse earlier 
workers (sa p. 189, (167) p. 173) concluded that the nucleolus con- 
tributed material for the development of the chromosomes, but this is 
unlikely. Spireme-like stages have occasionally been reported ((16) 
p- 144, (28) p. 10, (167) p. 175, (248) p. 143). The spindle always appears 
to be intranuclear (fig. 3 B-D); the nuclear membrane is in fact very 
persistent, except at the poles, where the fibres of the spindle converge 
on the centrosomes (fig. 3 B). When aggregated on the equatorial plate, 
the chromosomes are rounded or slightly elongated (fig. 3 B-D, G, ch). 
There is often a considerable contraction of the nucleus at metaphase. 
The cell-plate is formed by arrangement in one plane of the cytoplasmic 
lamellae between the alveoli ((31) p. 453, (167) p. 181, (234), (252) p. 179, 
(255) p. 126). There is never any relation to the nuclear spindle. 

The reduction division, which except in Fucales is always located in 
the unilocular sporangium,! presents no special features. A distinct 
spireme stage is mostly recorded, followed by often long-continued 
synezesis and diakinesis (figs. 54 B-D ; 89 G-I; pp. 164, 246). Centro- 
somes have usually been observed and the spindles are intranuclear. 
The haploid number of chromosomes is given as: 8-10 in Ectocarpales, 
although Abe (2) states that the number is 20 in Heterochordaria ; usually 
16 in Sphacelariales and Dictyotales; 13-15 in Laminariales; 24 in 
Cutleriales. In Fucales Yamanouchi and most recent workers ((1), (96) 
p. 12, (175), (235)) report 32 chromosomes, and the lower numbers given 
for Sargassum by Kunieda (115), as well as by earlier investigators (cf. 
(107) p. 186), are probably erroneous. The data suggest that there may 
be a greater measure of uniformity than is at present apparent. 


THE GENERAL FACTS OF REPRODUCTION 


Except for the Dictyotales and Fucales, all Brown Algae? reproduce 
by zoospores produced in definite sporangia, which are borne on the 
diploid phase. Among Ectocarpales and Sphacelariales there are 
* See (1), (16) p. 146, (28) p. 12, (85) p. 350, (89) p. 35, (108) p. 350, (109) p. 314, 
(152) pp. 10, 27, (248) p. 145, (252) p. 179, (253) p. 469, (253) p. 21, (266) p. 677. 
? The Tilopteridales, which show special features, not yet clearly under- 
stood (see p. 153), are omitted from this general consideration. 
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commonly two kinds of sporangia, spoken of as unilocular and pluri- 
locular respectively, but in all other zoosporic Phaeophyceae only the 
unilocular sporangium is represented on the diploid plant. This 
sporangium, as the name implies, is not partitioned (fig. 4 B, C, u), 
and the more or less numerous motile elements produced within it 
are formed simultaneously, after completed nuclear division, by 
separation of the cytoplasm into as many uninucleate portions (figs. 
43 A-D; 89 A-F). The sporophytes of Dictyotales possess a special 
type of unilocular sporangium (tetrasporangium, fig. 108 G) producing 
usually four motionless spores. Meiosis in all Brown Algae, except 
Fucales, is associated with the first nuclear divisions in the unilocular 
sporangium so that the spores derived from it are normally haploid. 

The plurilocular sporangium, on the other hand, is divided by 
transverse, and often also by longitudinal, septa (fig. 4 A, H, p) into 
numerous small compartments, each forming a single swarmer. No 
reduction occurs during the differentiation of the plurilocular 
sporangium and the zoospores it produces are therefore diploid. In 
the more advanced Ectocarpales and Sphacelariales such sporangia 
are commonly rare or lacking on the diploid phase, an indication of 
the evolutionary trend that has resulted in their complete dis- 
appearance in the sporophytes of the other zoosporic orders (Cut- 
leriales, Desmarestiales, Laminariales). 

The zoospores from the unilocular sporangia produce haploid 
gametophytic stages (figs. 4 F; 47 F-H), while those from the 
plurilocular sporangia constitute an accessory means of reproduction 
of the diploid phase. The gametophytic stages in the less specialised 
Phaeophyceae (Ectocarpales, Cutleriales, Sphacelariales) bear repro- 
ductive organs, in general character’ altogether identical with the 
plurilocular sporangia of the diploid phase, although unilocular 
sporangia are never present. The plurilocular sporangia of the haploid 
phase are, however, gametangia, and their swarmers, identical in form 
with those of the diploid phase, behave as gametes, although frequent 
apogamy occurs, at least in artificial cultures. The complete similarity 

| of the gametangia of the haploid, and of the plurilocular sporangia of 
- the diploid, phases long encumbered the elucidation of the life-cycle 
| of Ectocarpales. 

In most Ectocarpales, and probably also in many Sphacelariales 
n (p. 291), the fusing gametes are morphologically identical, but pro- 
nounced anisogamy is found in a limited number of Ectocarpales 
(p. 122), as well as in Cutleriales (fig. 53 F). All other Phaeophyceae 
exhibit oogamy, usually with the production of a single ovum in the 
oogonium, although a few Fucales produce several (cf. p. 370). The 
ova are almost invariably extruded prior to fertilisation. The male 
cells, always motile, are commonly produced singly in the antheridia 
(Desmarestiales, fig. 62 K, L; Laminariales, fig. 4 F, s), although in 
Dictyotales (fig. 112 B, F) the male organ has the form of a pluri- 


| 
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Fig. 4. Reproduction of Phaeophyceae. A, Pylaiella littoralis (L.) Kjellm., 
with plurilocular sporangia. B, Ectocarpus confervoides (Roth) Le Jol., with 
unilocular sporangia. C, Saccorhiza bulbosa De la Pyl., mature unilocular 
sporangium and two paraphyses. D, Laminaria saccharina (L.) Lamour., 
zoospore. E, Ectocarpus subcorymbosus Farl., basal part of a plant. F, Alaria 
crassifolia Kjellm., male prothallus. G, Ectocarpus reptans Crouan, with 
plurilocular sporangia. H, Castagnea contorta Thur., with plurilocular 
sporangia. a, antheridium; b, basal system; c, chromatophore; e, erect 
system; ev, point of evection; h, hair; p, plurilocular and u, unilocular 
sporangium; s, spermatozoid; st, stigma. (C after Thuret; D, H after 
Kuckuck; F after Kanda; the rest after Taylor.) 
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locular sporangium and in Fucales considerable numbers of spermato- 
zoids are produced in the antheridium. ‘The zygote invariably 
germinates without a resting period. 

The motile cells (26), whether zoospores, gametes or spermatozoids, 
are of a uniform type (fig. 4 D). The two flagella are attached laterally, 
commonly rather nearer to the posterior end of the pear-shaped body; 
they are of unequal length, the longer usually directed forwards 


(De 47 N), and the shorter backwards during movement (114), (222). 


The eye-spot is usually adjacent to the point of attachment of the 
flagella (fig. 4 D, st), and is directly apposed to the often single 
chromatophore or (in the spermatozoids of Fucales) represents the 
chromatophore itself; when several chromatophores are present 
(fig. 54 H), one bearing the eye-spot lies adjacent to the place of 
origin of the flagella. The tip of the longer flagellum often acts as a 
sucker when the swarmer settles on a substratum, while it commonly 
serves to attach the male to the female cell (cf. fig. 44 B). As already 
indicated the uniformity of the motile element in Phaeophyceae 
implies a common origin for the members of this class from unicellular 
organisms presenting these particular characteristics. 

So far as the evidence goes, the life-cycle normally involves an 
alternation between two phases, with reduction in the unilocular 
sporangium. In Ectocarpaceae and a few other Ectocarpales the two 
phases are alike and the alternation is isomorphic; this is also so in 
Dictyotales, Zanardinia, .and probably all Sphacelariales. On the 
other hand the majority of Ectocarpales, as well as Sporochnales, 
Desmarestiales, and Laminariales, exhibit a marked heteromorphic 
alternation, with minute filamentous gametophytic stages (fig. 4 F). 
It is evident that in the Ectocarpales the heteromorphic alternation is 
derived from an isomorphic one (p. 127), and this is likewise probable 
in Cutleria (p. 169). There is, moreover, every reason to suppose that 
in Desmarestiales and Laminariales also the marked contrast between 
the two generations is secondary. In other words isomorphic alterna- 
tion probably represents the primitive condition in this class @s8). The 
Fucales afford no evidence of an alternation of phases, the diploid 
plant bearing sex organs as the only organs of reproduction. The life- 
cycle is here probably a highly derived one, the elucidation of which 
presents many difficulties (cf. p. 380). 


CLASSIFICATION AND STATUS OF PHAEOPHYCEAE 


Most of the orders of Phaeophyceae have long been recognised and 
are so clearly defined that there is no difference of opinion about their 
delimitation. Since a better knowledge of the life-cycle of the simpler 
Brown Algae has become available, rather diverse views have, however, 
been expressed as to their classification and still another grouping is 
adopted here. The reasons for this attitude are given on p. 138, where 
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also some of the other schemes are discussed. The old subdivisions 
((104) p. 180)—Phaeosporeae, Acinetae, and Cyclosporeae—can now 
scarcely be maintained. With few modifications the following nine 
orders in which I group the Phaeophyceae correspond to those of 
Oltmanns (179): 


I. Ectocarpales. Filamentous or bulky pseudo-parenchymatous (uni- 
or multiaxial) or true parenchymatous types showing an obvious 
derivation from a heterotrichous filament; growth for the most part 
intercalary; asexual reproduction by zoospores from unilocular and 
plurilocular sporangia, sexual reproduction mostly isogamous, rarely 
anisogamous ; alternation isomorphic or more commonly heteromorphic. 

II. Tilopteridales. A problematic group of heterotrichous fila- 
mentous forms with intercalary growth; asexual reproduction by 
zoospores from unilocular (and plurilocular?) sporangia, as well as by 
““monospores’’; sexual reproduction possibly anisogamous; alternation 
probably isomorphic. 

III. Cutleriales. ‘Thallus composed of congenitally fused threads, 
with trichothallic growth; isomorphic or heteromorphic alternation, 
the diploid phase reproducing by zoospores formed in unilocular 
sporangia, the haploid phase with plurilocular gametangia showing 
marked anisogamy. 

IV. Sporochnales. Forms with bulky and complex thalli derived 
from a primary uniaxial construction; growth intercalary; asexual 
reproduction by zoospores formed in unilocular sporangia: sexual 
reproduction probably oogamous; alternation heteromorphic. 

V. Desmarestiales. Uniaxial forms with complex cortication and 
intercalary growth; asexual reproduction by zoospores formed in 
unilocular sporangia; sexual reproduction oogamous; - alternation 
heteromorphic. ; 

VI. Laminariales. Bulky parenchymatous forms, mostly of large 
dimensions, with considerable morphological and anatomical differentia- 
tion; growth intercalary ; asexual reproduction by zoospores formed in 
unilocular sporangia; sexual reproduction oogamous ; heteromorphic 
alternation. 

VII. Sphacelariales. Relatively small parenchymatous forms showing 
evident heterotrichy ; apical growth ; asexual reproduction by zoospores 
formed in unilocular sporangia; sexual reproduction isogamous (and 
oogamous?); isomorphic alternation probable. 

VIII. Dictyotales. Little differentiated parenchymatous forms, often 
with dichotomous branching; apical growth; asexual reproduction by 
motionless tetraspores formed in a unilocular sporangium; sexual 
reproduction oogamous; alternation isomorphic. 

IX. Fucales. Parenchymatous forms with complex morphological 
and anatomical differentiation; apical growth; no asexual reproduction; ` 
sex organs borne in conceptacles on the diploid phase and exhibiting 
meiosis during the formation of the sexual cells ; no evident alternation. 


The Phaeophyceae present no obvious affinities with any other 
class and are indeed in most respects so sharply circumscribed that 
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little opportunity is afforded for speculations on their relationships. 
The possible similarity in pigmentation with Bacillariophyceae 
(Diatoms) is, if it exists, the only point of resemblance. The suggested 
derivation from Xanthophyceae ((49) p. 162) is based on incorrect 
assumptions. Various earlier authorities have sought an affinity 
between Dictyotales and Florideae on the grounds of the presence of 
motionless tetraspores in both and the supposed immobility of the 
spermatozoids in the former. Neither argument has, however, stood 
the test, since there is evidence to show that the Dictyotaceous tetra- 
sporangium is a special form of the ubiquitous unilocular sporangium, 
while Lloyd Williams has demonstrated that the spermatozoids con- 
form to the motile type of other Phaeophyceae. 

On present evidence this class must be regarded as an altogether 
distinct evolutionary line (Phaeophyta). Its many approximations in 
morphological and anatomical respects (foliar differentiation, axillary 
branching, conducting system with sieve-tubes, secondary growth) 
to higher plants are no doubt but an expression of the general evolu- 
tionary trend within the plant-kingdom. As such and as examples of 
parallelism they are of the greatest possible interest, but they are 
undoubtedly without any direct phylogenetic significance. Attention 
may be drawn to the fact that similar specialisations are encountered 
also in Florideae with their altogether different basic construction and 
highly distinctive reproduction. 


Among the few fossil types that have been ascribed to Phaeophyceae 
the most striking is Prototaxites (Nematophycus, Nematophyton Qu), 
(137), (138) p. 259, (219) p. 192) from the Silurian and Devonian. The 
remains, some of which reach a diameter of 1 metre, consist of loosely 
aggregated forked threads, sometimes interwoven with much narrower 
ones (hyphae?). Periodic differences in the thickness of the walls of 
the threads occasionally give the appearance of growth-rings. In certain 
specimens ((1oo) p. 885) threads running perpendicular to the medullary 
region have been recognised. This form appears to have a multiaxial 
construction and might represent a large member of Ectocarpales; since 
there is no true parenchymatous structure, a reference to Laminariales 
((111), G83) p. 95) cannot be supported. Lang ((138) p. 287) points out 
that there is no satisfactory evidence that Prototaxites is a member of 
Phaeophyceae or that it was an aquatic type. 
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enalgen 
No. Du, í 
Ne Order I. ECTOCARPALES 
SC m: numerous seaweeds grouped in this order have long been 
S k (ned as a coherent entity, though with increased knowledge of 
Nitrat ee of reproduction and of the course of the life-cycle 
au e ee as to their taxonomic arrangement have been formulated. 
gea | as on here adopted corresponds in many respects with 
où | Carpales of Oltmanns (182), although he included in the latter 


the § 3 i 
bcr dil iore nales and Desmarestiales, which are now regarded as 
EN Uling separate orders: 


Shines 

N Reh GENERAL CHARACTERISTICS 

Ic e E 

u sut m as thus delimited include the least specialised 
37 ranging iR rown Algae and present a wide diversity of structure, 


the simple filamentous types of the Ectocarpaceae to 


FA 
sous i 
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50 ECTOCARPALES 

ively elaborate thalli. The latter are produced either b H 
Ur ium and of their branches (multiaxial as in yo I 
fig. 17 and Castagnea, figs. 20, 21 ;uniaxial as in Spermatochnus fig “a f E 
or are formed by the repeated subdivision of the cells of prime a 7 
erect filaments (parenchymatous types like Punctaria, fig. 31, a t 
Scytosiphon, fig. 34). Despite the considerable range in outward for f 
and internal structure of the mature sporophytes, the younger A m; o 
of nearly all Ectocarpales show a clear derivation from the hela ; 
trichous filament seen in Ectocarpus: and other Ectocarpaceae 
Development commences with the production of a system:of prostrq] S 
filaments (figs. 17 E; 20 D) from which a number of upright branches E 
sooner or later arise (fig. 31 A); one or more of the latter develop 
further to produce the mature plant (fig. 34 B, C). In other word, ; 
the thallus, in all advanced Ectocarpales, is an elaboration of the ere 
threads of a primary heterotrichous stage. The growth of the thallus 


is diffuse or often accomplished by well-defined intercalary meristems c 
(figs. 5 D; 14 B, m), but apical growth is met with in certain advanced | 0 
forms. ti 

Many Ectocarpales bear colourless multicellular hairs (a7) p. 7) 7 
which commonly grow with the help of a basal meristem (figs. 9 E, H; a 
16 C, D, 4). A production of hairs seems to be a general characteristic E 
of the primitive heterotrichous forms, being seen also in the Chaeto- fe 
phorales (1, p. 249) and in the Nemalionales among Red Algae, ie 
although the type of hair is variable. In the Ectocarpaceae the hairs n 
usually terminate the branches of the filaments (fig. 5 D, A), whilstin c 


the more elaborate Ectocarpales they either occur scattered (fig. 27) | 
or united into characteristic groups (fig. 35 D), which are sometime p 
sunk in cavities (fig. 40 E). In some genera, especially among a 
Myrionemataceae, the hairs are provided with a basal sheath! (fig. 9 fi 
E, H). Very similar. to the colourless hairs are the structures (assim o 
latory hairs) found in Elachista (fig. 13 A) and its immediate alles À h 
in which the cells contain chromatophores. It can hardly be doubted d 


that the two are homologous, although it is at present not clear which 

is the more primitive. | 5 
Berthold (@8) p. 677; cf. also (178) p. 434) was of the opinion that the se 

colourless hairs serve as a light-screen, whilst others ((189) p. 48, u of 

p. 390, (214) p. 57, (220) p. 207, (292) p. 37) have regarded them ® hi 

structures serving mainly for the absorption of mineral nutriment en u 


for gaseous exchange. The degree of development of the hairs is vel 
variable, but little is known uf the conditions that determine thi 
Kylin (G5: p. 12) found that germlings of Stilophora rhizodes 9. 
Asperococcus bullosus produced hairs only in those cultures in W E I T 
the solution was changed daily. See also the discussion on the functi? " 


i à at 
i of the hairs of Florideae (p. 450). T te 
3 ! Regarding its development, see (87) p. 4, (155) p. 27, (220) P- 208 os 

a account of Parke ((187) p. 20) is erroneous ((246) p. 190). 

d 


die, CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


SH Digitized by Arya Samaj Foundation Chennai and eGangotri 


GENERAL CHARACTERISTICS SI 
Brepa. The typical life-cycle in the Ectocarpales comprises an alternation 
thesia | between diploid and haploid phases, either of which seems to be 
ig. 27) i capable of indefinite propagation, the diploid by accessory swarmers, 
imas the haploid by apogamous gametes. Although diverse departures 
L and from this normal life-cycle are known to occur (p. 137), an alternation 
l form | of phases is probably of wide occurrence. In the Ectocarpaceae this 
Stages alternation is essentially isomorphic, but in most of the advanced 
etero. Ectocarpales it is heteromorphic, the elaboration of the upright 
aceae, | system of the primary heterotrichous stage affecting only the diploid 
Strate phase (sporophyte), while the haploid one (gametophyte) remains a 
inches mere filament. In other words, the sporophyte has evolved, whilst the 
evelop gametophyte remains at the simple level of the Ectocarpaceae. In a 
Words few specialised Ectocarpales, however, the alternation i$ seemingly 
e erect isomorphic (p. 130), both phases having undergone elaboration. 
thallus Apart from the underlying heterotrichy, the Ectocarpales are 
istems | characterised by asexual reproduction by zoospores and by a process 
ranced | of sexual reproduction which is for the most part isogamous, though 
| there is usually a physiological distinction between the fusing gametes. 
P. 77) This physiological anisogamy, which also commonly betrays itself in | 
SHS a different behaviour of the two gametes, is, in a small number of | 
eristic Ectocarpales (p. 122), accompanied bÿ marked morphological dif- | 
haeto- | ferentiation, in certain instances leading to a state of anisogamy which 
Alga | is not far removed from true oogamy (fig. 46 E). So far, however, 
e hairs no example of sexual reproduction has become known among Ecto- 
ilst in carpales in which the female cell is non-motile. 
ig. 27) | As in other Phaeophyceae, the reproductive cells are invariably 
etimes produced in specially differentiated organs, the unilocular (fig. 5 B, u) 
among | and plurilocular sporangia (fig. 5 C, p). The former are always con- 
(fig. 9 fined to the diploid phase and undergo meiosis during the formation 
ssim. of Zoospores, so that the products of these zoospores are normally 
allis haploid and gametophytic. Plurilocular sporangia occur both on the 
yubtel diploid and haploid phases, being the only organs of reproduction 
which! found on the latter, where they constitute gametangia. The pluri- 
| locular Sporangia of the diploid plant exhibit no reduction division 
vat tel ub production of their swarmers, which are therefore diploid and 
8, (st "y EE the phase upon which they occur. The two phases 
em 8 Gei EE thus contrast also in their reproductive organs, the 
nt and = ia bearing only plurilocular, the diploid usually both pluri- and 
is ve ocular sporangia, 
e dig 
a al GEOGRAPHICAL DISTRIBUTION AND OCCURRENCE 
PA | 
nction ine fictocarpales attain their chief development, both as regards 


GE of individuals and numbers of genera and species, on 
occur in qud polar (11s) shores. Many of the genera and species that 
€ colder seas of the Northern Hemisphere are, however, 
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52 ECTOCARPALES 
also recorded from the Mediterranean (40), (64), (98) and other Warme 
seas(33). In the actual Tropics, on the other hand, representatives d 
this «order are relatively rare (cf. e.g. (32), (102)), although member 
of the Encoeliaceae (Colpomenia, Hydroclathrus, Chnoospora) are wide: 
spread and the genus Ectocarpus seems to be practically ubiquitous 
Certain genera (e.g. Myriogloea, ‘Splachnidium, Scytothamnus) appear 
to belong essentially to the Southern Hemisphere, although pene- 
trating some way towards the Tropics, but information as to the 
distribution of the southern Ectocarpales is still rather fragmentary 
Coilodesme is characteristic of the Pacific coast of North America 
though a few species also occur in Japan; another widespread North 
Pacific type is Heterochordaria. Several genera (Geminocarpus, Caepi- 
dium) appear to be confined to the Antarctic. 

The majority of the Ectocarpales are annuals, the diploid phases 
often being represented only for a few months in the year, while at 
other times they are lacking. During the period of absence they 
persist as minute filamentous sporo- or gametophytic stages (p. 132), 
although their mode of occurrence in nature is at present hardly 
known. The sporophytes in large part inhabit the lower part of the 
intertidal zone or the sublittoral region, but Ralfsia, some species of 
Pylaiella, Elachista, and Punctaria, as well as Chordaria flagelliformis, 
Dictyosiphon foeniculaceus, and Scytosiphon Lomentaria, are commonly 
met with in the upper part of the littoral (cf. (130)). 


THE GENERAL FEATURES OF VEGETATIVE 
ORGANISATION 


(a) THE SIMPLE FILAMENTOUS TYPES AND THEIR IMMEDIATE 
DERIVATIVES (ECTOCARPACEAE) 


Ectocarpus ((87) p. 14, (114) p. 34, (131), (132), (199) p. 21), with numerous 
species found especially in the colder seas, appears from every point 
of view to be the most primitive of living Brown Algae. The prostrate 
system of the heterotrichous filament (fig. 4 E; 5 J, 5) is well marked 
in diverse species, although it is uncertain whether it occurs in all; 
as in other heterotrichous types, it evidently varies in its degree of 
development. The erect system not uncommonly, and perhaps 
typically, consists of but few erect, copiously branched filaments 
(G47 p. 8), but there would seem to be all gradations between this 
condition and that in which the prostrate base bears a more or less 
considerable number of little branched erect threads (figs. 4 G; 7 À) 
and itself constitutes an essential part of the vegetative system; such 
forms grade over to the reduced types considered below and to the 
Myrionemataceae (p. 60). 

Species with well-branched erect threads form the brown tufts 
(fig. 5 A) which are familiar objects attached to the rocky see 
tidal pools and to other larger Algae, both in the littoral and sublittoïa 
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ess if Fig. 5. Ectocarpus and 7 
à habi € ani | Pylaiella. A, Ectocarpus tomentosus (Huds.) Lyngb., 
À) Ü abit. B, C, E, I, E. siliculosus (Dillw.) Lyngb.; B with unilocular, and C with 


uch MGE sporangia; I, single cell. D, E. irregularis Kütz., trichothallic 
the : I, E. breviarticulatus J. Ag., hooked branch. G, E. criniger Kuck. 


H, Pylai : : 3 ) 
Pylaiella littoralis (L.) Kjellm., with unilocular sporangia. J, Ectocarpu: 


cylindri ; 
ricus Saund., forma, heterotrichy. 6, basal system; br, branch 


ts cĉ, chromatop x : 5 d 
ufi f ev, Bonne ones d, dehisced plurilocular spotangium; e, erect thread 
s 0 u, unilocul Evection; h, hair; m, intercalary meristem; p, plurilocular, anc 


oral Setchell & ar sporangium. (A, H, I after Taylor; F after Boergesen; J afte: 


Gardner; the rest after Kuckuck.) 
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regions. There is commonly a marked difference in size betwee 
main axes and the later branches, which usually terminate ejt 
a point (fig. 5 E) or in a series of elongate tapering cells, with 
no chromatophores, forming a hair (E. siliculosus). The branch 


her i 
few Or 


apparent dichotomy (figs. 4 B, 5 B,ev). Attachment is commonly aided 
by the outgrowth of rhizoids from the lower cells of the main a 
and these may arise in such numbers as to form a basal cortication 
(e.g. E. granulosus C. Ag. (9s) pl. 200). In several species the erect 
threads tend to coil around one another or to become matted together 
The former condition is commonly seen in.Æ. fasciculatus Hary. 
((9s) pl. 273) and E. siliculosus, while in E. breviarticulatus ((32) p. YA, 


(256) p. 429) and E. tomentosus ((os) pl. 182, (209))—the latter a frequent. | 


epiphyte on Fucus—the main filaments become twisted to form tufts, 


from 1-3 mm. thick (fig. 5 A), the individual strands of which are | 


bound together by means of numerous short bent branches (fig. 5 F) 


or by rhizoid-like structures. This condition recalls that found in | 
Spongomorpha (I, p. 237). Regeneration of wounded threads has been | 


studied by Prowazek (Gor) p. 746). 
Growth of the prostrate system is apical, but that of the erect 
threads shows considerable diversity ((135) p. 179, (182) p. 6). Apical 


growth seems to be exceptional, although it is recorded in E. lucifugus | 


Kuck. (882) p. 8) and E chantransioides S. & G. (253) p. 406). In most 
species (e.g. E. siliculosus) the erect threads show diffuse growth 
(fig. 5 E), although in some instances (e.g. E. granulosus, cf. (182) p. 7) 
there may be localisation of division to certain places. Definite inter- 
calary meristems are found only in a limited number of species 
(E. paradoxus Mont., E. Lebelii Crouan, E. irregularis Kütz., etc.) in 
which the entire growth of the individual branches is restricted to 
certain zones, each situated at the base of a hair (fig. 5 D). The cells 
of the meristem (m) cut off segments both above and below, the former, 


which are few, adding to the length of the terminal hair (4), whilethe | 
latter give rise to ordinary photosynthetic cells from which also | 
branches (br) are produced. This is the frzchothallic growth ((106) M 
p. 105) characteristic of diverse Ectocarpales, as well as of other orders | 
of Brown Algae. Some species exhibiting this type of growth (eg. M 
E. irregularis (244) p. 103) also show occasional divisions in the main 


axes. 


Hairs are by no means confined to the species possessing trichothallic | 
growth, occurring also in some with diffuse growth (E. siliculosus). In || 
certain of these (e.g. E. criniger (135) p. 178) the hairs are in partnarrowe! M 


than the underlying thread and originate from a well-defined basal 
meristem (fig. 5 G). 

When the erect threads are well developed, the sporang!a E 
terminal on short lateral branches or not uncommonly are sessile © 
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from just beneath the septa (fig. 5 B, H) and frequently retain then | 


lateral position, although evection (1, p. 234) may occur, resultin in i 
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fig. 5 B, C); ina few species (E. irregularis (244) p. 103; 
the Fe CH mS they may E in a pseudo-axillary 
E. ER The plurilocular sporangia are not infrequently surmounted 

en hair-cells (fig. 5 C). Pylaiella! ((37), (131) p. 3, (268) p. 101) 
d Ee same structure as Ectocarpus, except for a tendency to longi- 
E al division of the cells (fig. 4 A). It is characterised by the 
se A intercalary position of the sporangia (figs. 4 A; 5 H), the 
edar ones (u) occurring in short series. In the Pacific P. Postelsiae 
FA in which only plurilocular sporangia are known, entire branches 
become converted into sporangia. 


According to Kylin (Gs4) p. 3; cf. also (162) p. 32) the common 
P. littoralis includes two different species, the one an epiphyte for 
which this name is retained, the other essentially a lithophyte (P. rupin- 
cola (Aresch.) Kyl.), which is vegetatively distinguished by the coiling 
of the lower threads around one another; there are also differences in 
Lar E reproduction (p. 129). The rare P. fulvescens Bornet (37, 211) is distin- 


sF) | guished by the loose felting together of the erect threads by means of 
d in numerous rhizoid-like branches (see also p. 27). 
been Several genera with well-developed erect threads show essentially 
the same vegetative features as Ectocarpus. Pleurocladia lacustris ((105) 
rect p. 114, (123), (291), a rather rare freshwater form, is distinguished by the 
vical abundant deposition of carbonate of lime between the upright threads, 
5 which gives the minute, yellowish-brown cushions a certain rigidity. 
ugus The numerous branches are short and tend to be unilateral (fig. 6 A); 
nost most of them ultimately bear unilocular (u) or plurilocular (fig. 6 C, 5) 
wth sporangia. Sorocarpus uvaeformis Pringsh. ((1) p. 335, (45) p. 459, (119), 
p. 7) (189)), a rare marine epiphyte, is characterised by bearing the small 
iter (plurilocular) sporangia (fig. 6 F, p) in grape-like clusters on short 
s | Re branch-systems, usually situated at the base of a hair (see 
.) 1n also (272)). 
d to In the Mediterranean Zosterocarpus ((38); incl. Prototilopteris (754) 
cells l p. 359) the plurilocular sporangia form a peripheral girdle around a 
mer, central cell from which they have been cut off by longitudinal walls 
Te | (fig. 6 D, E, p). The genus is also distinguished by the position of the 
also | HUM opposite the septa (fig. 6 B) and the presence of enlarged 
Go) ee (f) with greyish contents (brown after death; (240) p. 89). 
ders SE E nities are obscure, but the longitudinal septation that occurs in 
ee D en of the sporangia recalls the condition found in the 
un E p S ctocarpales (p. 96), and Zosterocarpus is possibly a 
i iodo ee aber of that series. In Geminocarpus (@57) p. 12, (261) p. 9), 
. | ELS n the Antarctic Ectocarpus geminatus Hook. fil. et Harv. ((4) 
allic wi (94) p. 469), there is frequent longitudinal septation, but the 
y | o e dispersed on lateral.branchlets as in an Ectocarpus; the 
wet 1 € opposite. 
yasal | 


I i : N 
n the species of Ectocarpus with short erect threads the sporangia 


m à : 
T. ay arise terminally upon them (E. faeroensis Boerg. (182) p. 13), but 


e on 1 Sometimes spelt Pilayella. 
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in others they are borne directly on the prostrate base (E. elach; 
formis, fig. 7 A; E. Battersii, fig. 7 B; (33) p. 36, @o8)). The p e| 5 
then usually well developed and may branch so copiously as to ben ai d 
me M ( 
[| 


| 


ae py P E 


F 

B 

K 

m 

V 

tk 

Fig. 6. A, C, Pleurocladia lacustris A. Br., erect threads, with the two kinds | d 
of sporangia. B, D, E, Zosterocarpus Oedogonium (Menegh.) Bom: B M 

threads showing mode of branching and fucosan-cell; D, E, threads wit | st 

plurilocular sporangia. F, Sorocarpus uvaeformis Pringsh., with plurilocul | E 
sporangia. f, fucosan-cell; h, hair; p, plurilocular and u, unilocular sporang!! M 

(A, C after Wille; B after Sauvageau; D; E after Bornet; F after Pringsheim) 1 d 

: : | ' 
pseudo-parenchymatous (fig. 7 F, 5). Apart fromthe fertile branches te 

may bear ordinary photosynthetic threads (E. elachistaeformis, fig: 7 b 


A, e; (32) p. 174, (co) p. 470) which may exhibit a trichothall 
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tem and terminate in long hairs (E. Battersii, fig. 7 B), or again 
no av be for the most part only hairs with a basal meristem 
Oe (182) p. 13). In E. maculans Kuck. (633) p. 376), 
~- the basal disc bears only plurilocular sporangia with unicellular 


e. 


finally, the 


Fig.7. A,B, D-F, Reduced species of Ectocarpus. A, E.elachistaeformis Heydr. ; 
B, E. Battersii Born. var. mediterranea Born., on Taonia; D, E. velutinus 
(Grev.) Kütz. on Himanthalia; E, E. Valiantei Born. on Cystoseira; F, E. 
ala Kuck., surface view of basal system. C, G, Streblonemopsis irritans 
du lante; C, section of stratum; G, galls (g) on Cystoseira ericoides caused by 

€ endophyte. b, basal system; e, erect thread; A, hair; p, plurilocular 


kinds | sel; be, endophytic thread; v, unilocular sporangium. (A, B after 
5; B | ergesen; C, G after Valiante; D, E after Sauvageau; F after Kuckuck.) 

5 with E N 5 

cult M ee Ge 7 F, p). There is evidently considerable variation even in 
angi b eee: x same species; thus, although the erect threads are often 
heim, anched, they may occasionally show some ramification and bear 


the Sporangia laterally (cf. (33) D 36). 


Several s 


Bc ER pecies of Ectocarpus ((207); cf. also (85), (179) p. 212) have their 


aments endophytic in (and perhaps to some extent parasitic 
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upon) the tissues of diverse larger Algae. The endophytic t 
penetrate in all directions within the gelatinous walls of the subst 
often causing some distortion and sometimes extending to a 
depths (fig. 7 D, pe); E. Valiantei (fig. 7 E) produces SA a 
((207) p. 57) and E. deformans Dang. on Laminaria(s7). The e 
threads, however, retain their chromatophores and do not 


hreag, 
P atum 
PPreciapj, 

e | 
Cys loseirs 
ndophytie 


happens in E. minimus. Certain of the species under consideratio 
(e.g. E. luteolus Sauv.; cf. also (159) p. 40) exhibit multiplication b 
means of threads that extend over the surface of the host and set u 
fresh infections. Others, which are probably more extreme “parasites” M 
ramify extensively within the host before any considerable growth | 
develops at the surface (E. parasiticus Sauv. (20) p. 51, (57), (207) p, o B 
It is noteworthy that, in many of the reduced species of Ectocarpus | 
only plurilocular sporangia are known, and it is possible that some | 
represent stages in the life-history of other Ectocarpales. Hamel gei | 
p. xxiv) refers E. parasiticus and E. maculans to a separate genus | 
Entonema. ' 


It is scarcely possible (98) p. 41, (207) p. 5, (256) p. 408) to drawa | 
hard and fast line between the reduced forms of Ectocarpus and 
Streblonema ((47), (71), (149) p. 49, (150) p. 11, (189) p. 13, (210) p. 271); Ls 
Levring ((59) p. 38), in fact, advocates the removal of E. parasiticus M 
(cf. above) to this genus. In the typical species of Streblonema |. 
(fig. 8 C, I, L) the plant consists almost wholly of the endophytic 
prostrate system, which consists of a loosely branched thread. The 
upright system is’ represented only by hairs and by the sporangia, 
which are often borne directly on the creeping threads and may not 
project beyond the surface of the host. A freshwater species epiphytic 
on Compsopogon has been described (12). More marked reduction is 
evident in Bodanella ((77) p. 101, (298)), a lithophyte found in the | 
continental lakes; here there is only the creeping system with unilo- || 
cular sporangia borne on its upper surface. [ 


F 


It is not altogether easy to demarcate Phaeostroma (Gei p. 441, (139 | 


* p. 182, (162) p. 24, (203) p. 68) from Streblonema. S. aequale Oltm.! | 
| (G79) p. 214), regarded by. Kuckuck ((134) p. 385) as belonging to the | 
S former genus, is nowadays usually retained in Streblonema (87) p. 69 A 


Si (162) p. 30). b 
2 One of the simplest of the prostrate and probably reduced Ecto: M 
carpaceae is Mikrosyphar ((24), (134) p. 380, (133) p. 177, (136)), an endo- 
phyte in Zostera and in Red Algae. M. Polysiphoniae (fig. 8 A) occup!® 
a subcuticular position within its host, whereas M. Porphyrae (fig: 8 
develops numerous penetrating threads traversing the walls and € 
tending from face to face of the Porphyra-thallus; there are also m 
projecting hairs (A). Swarmers are liberated singly from the cells 0 


X- 


1 This species was first found on Chorda by Buffham (42), who; howeven 
regarded its plurilocular sporangia as belonging to the host (cf. (134) p:3 


EE SES 
CC-0. In Public Domain. Gurukul Kangri Collecti 
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enter the cells, although according to Sauvageau ((207) p, 78) the E 
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«| 
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p. 69; là 


D UN ares 


Ecto- S 


endo- | 

SE EO A, Mikrosyphar Polysiphoniae Kuck. B, K, M. Porphyrae Kuck.; 
CH TENE from the surface; K, section of Porphyra (po) showing endophytic 
id eX: DNE EL Streblonema corymbiferum Setch. & Gardn. D-G, Ascocyclus 
some I ‘Se Magnus; D, section of mature disc; E-G, developing discs. 
alls of oU SC Pis lonema volubilis Pringsh. a, ascocyst; b, basal system; e, erect 


ABK endophytic thread; A, hair; p, plurilocular sporangia; po, host. 


after Kuckuck; C, I after Setchell & Gardner; D-G after Kylin; 


ever » L after Pringsheim.) 


i; 386): 


EE ` CC-0. In Publi Domain. GER Kangri os Haridwar 


pU Lo 


Digitized by Arya Samaj Foundation Chennai and eGangotri a 


60 ECTOCARPALES 


short 2-4- | 
sporangia (fig. 8 B, D). - F 
A more markedly parasitic type 1$ constituted by Streblonemons. "7 f 
((207) p. 100, (287)), the branched threads of which, anastomosing ee | d 
a network (fig. 7 C), occur within the surface of small richly lobeq ED | C 
(fig. 7 G) on Mediterranean Cystoseiras; it is probable that the gall | S 
are caused by the presence of the endophyte. There are few upright | P 
threads (fig. 7 C, e). De Toni (285) would refer this genus to Reine i 
P 

s 

P 


celled laterals, which Kuckuck regards as simple plurilocul, 
r 


Entonema. E : ST e S 
Ascocyclus! occurs as minute epiphytic discs, superficially resemblinp | 


those of a Coleochaete and usually circular in outline (fig. 8 E-G), They 
bear (fig. 8 D) uniseriate plurilocular sporangia (p), hairs with a basal 

meristem (k), and long ascus-like cells (a) to which the genus owes its S 
name. These ascocysts, when young, are filled with numerous fucosan. t 
vesicles, while in older plants they are empty. Feldmann ((64) p. 256) | t 
has recently recorded unilocular sporangia. Many authorities place S 
this genus among Myrionemataceae (cf. below). | j 


~g (b) THe HAPLOSTICHOUS ECTOCARPALES | i 


The further evolution of the filamentous type illustrated by the | 5 
Ectocarpaceae appears to have taken place in the two directions s 
already referred to above, viz. either by the aggregation of threads f 
and their branches affording multiaxial and uniaxial thalli or by the d 
longitudinal septation of the primary erect threads. The two types t 
of construction have been designated haplostichous and polystichous | 
respectively by Kuckuck ((147) p. 6, (82) p. 5), and they are considered t 
separately as a matter of convenience. The two series do not, how- | i 
ever, necessarily represent divergent lines, and some of the poly- C 
stichous genera are perhaps related to certain. haplostichous forms. : 
E 
I 


Crust- and cushion-forming Types 


Those Ectocarpaceae, in which the prostrate base bears several little- | 
developed erect threads, lead over to the forms included in Myrio- 
nemataceae (s9) p. 48, (@s6) p. 453). The species of Myrionema | 
(ep. 53, (5), (149) p. 34, @20)) are for the most part epiphytes forming | I 
minute, rounded or irregular, olive-brown discs; one of the com- | I 
monest is M. strangulans Grev. (M. vulgare Thur.), foundon Ulvaceat | I 
and other Algae. M. aecidioides Sauv.? (sei p. 177) is an endophyt k t 

] 

i 

a 


1 See (48), (64) p. 251, (97) p. 243, (149) p. 39, (162) p. 40, (166) P- W É 


D: 19, (220) p. 274, (268) p. 107. With reference to the nomenclature 0 
species of this genus, see (64) p. 251, (152) p. 22, (231) p. 13. 2 + Hoidés d 

2 Ectocarpus aecidioides ((23), (70) p. 136, (202) p. 894); Phycocoelis GE by 
Kuck. ((133) p. 234). The species of the genus Phycocoelis, established, M 
Strömfelt (264), are in part referred to Myrionema ((220) p. 170), in pa 
Ascocyclus ((52) p. 122), while P. maculans Collins ((45) p- 459) iS 
maculans Sauv., which Levring ((159) p.45, (162) p. 36) refers to 42: 
(Kütz.) Kyl. 
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ria. In M. strangulans (cf. also (284)) and other species there 


cul à 
E ct one-layered basal stratum (fig. 9 À, B), which represents 


in Lamina 


nose, pe emis ed part of the plant; it exhibits marginal growth and 
Opsis | die (SE Dal. EE are 
form | onsists of clearly distinguishable radiating threads which sho 
| galls M s eudo-dichotomous branching. In older individuals only the peri- 
galls M el parts are directly attached to the substratum, while the central 
right | ells may produce rhizoids (fig. 9 C, J, 7) of diverse length ((220) 
isch’; | E 200) In M. aecidioides the prostrate system creeps beneath the 
: surface layer of the host, and a compact disc is only formed when the 
bling | Jant becomes fertile (fig. 9 F). 
They Except in the marginal growing region nearly every cell of the basal 
el stratum produces an erect thread. The majority of these upgrowths 


= iy take the form of short simple (or rarely once-branched) photosyn- 
aa thetic threads (fig. 9 C, e) which, though compactly aggregated and 


a sometimes enclosed in common mucilage,! are not laterally fused. 
E i As a general rule these erect filaments develop progressively from the 
| centre outwards (fig. 9 E) and attain to a uniform height; their growth 
| is largely apical ((z20) p. 209). In M. siliquosum ((246) p. 179) they are 
| comparatively elongate and moniliform towards the summit. More 
y the | or less plentiful colourless hairs (fig. 9 E, H, h), provided with a basal 
ctions sheath and elongating by means of the usual basal meristem, project 
»reads | from among the photosynthetic threads. They usually originate 
y the | directly from the cells of the prostrate system and develop earlier 
types | than the surrounding filaments (fig. 9 E). 
ichous The large unilocular sporangia are generally borne laterally on the 
dered | basal cells of the photosynthetic threads (fig. 9 C, u), although in some 
how- | individuals many arise directly from the basal stratum ; suchare sessile 
poly- or supported on a one-celled stalk. The uniseriate plurilocular 
rms. sporangia of M. strangulans usually show the latter disposition 
(fig. 9 J, p), although sometimes lateral on the erect threads. In some 
species (e.g. M. patagonicum Skottsb. (261) p. 18) the basal system 
little- | bears hairs and sporangia only. 
fur. Other genera of Myrionemataceae show much the same structure: 
onema | Ulonema rhizophorum Foslie ((23), (79) p. 131) is very similar to Myrio- 
rming | nema strangulans ((220) p. 233) and is indeed included in that species by 
com: |. Levring ((59) p. 48, (162) p. 38). In Hecatonema ((48), (149) p. 39, (160) 
yaceae f x 45, (220) p. 248, (261) p. 15) the photosynthetic threads are of unequal 
cht à eight and in part of considerable length (fig. 9 D); moreover many of 
e the cells in the outer part of the basal stratum produce no erect growths. 
y, (199) M Kylin (usa) P. 8) is no doubt right in including in this genus Ectocarpus 
of the | | ras Kütz. (G14) p. 54, (133) p. 376) which, in its sheathed hairs 
vum j other features, closely resembles the species of Hecatonema (cf. also 
Em T ei? feature is more marked in Microspongium ((70) p. 130, (197) p. 20, 
pa en i P. 46, (199) p. II, (247) p. 156, (267)), where the growths are gelatinous. 
Dm Dd in this genus is two-layered and the erect threads are usually 
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Fig. 9. Myrionemataceae. A-C, E, J, Myrionema strangulat 
parts of basal system, in surface view; C, the same in section, 
sporangia; E, development of hairs and of erect threads 
stratum; J, plurilocular sporangia. D, Hecatonema maculans Sau à 
section, with plurilocular sporangia. F, Myrionema aecidioides 
Laminaria (la), in vertical section. G-I, Chilionema Nathalia 
vertical sections with photosynthetic threads and plurilocu F 
I, habit, from the surface. a and e, erect photosynthetic threa en du 
stratum; d, dehisced unilocular sporangium; 4, hair; 2; pluriloen = the rest 
unilocular sporangium; r, rhizoid. (B after Kylin; F after Kuckuc 

after Sauvageau.) 
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261, (160) p- 45). Many of the latter, however, approach certain 

(64) P- of "Ectocarpus rather closely. 
Speo a hilionema (Gei p. 371, (220) p. 263) the basal stratum bears dense 
p m arated by areas in which few or no erect growths are produced 
fl tufts RD Both in Hecatonema and Chilionema, which are closely 
| (Rig. d (100) p. 139), the cells of the basal layer undergo horizontal 
| n (fig. 9 D, G, H). Only plurilocular sporangia are known. 
EU nema ((33) p. 59, (64) p. 258, (143), (247) p. 154, (256) p. 473), 
a lithophyte recorded from the Adriatic and the Canary Isles, would 
| Zen to belong to this affinity, despite the extensive development of 

7 the erect threads. 2 

More distinctive types are constituted by Petroderma and Nemoderma. 
In the former ((134) p. 382), which has been recorded also from Clare 
Island ((s2) p. 123), the elongate erect threads (fig. 10 H, e) are held 
D) together only by mucilage. Both types of sporangia are terminal. 
Nemoderma ((40) p. 241, (144)) forms small brownish gelatinous crusts 
E in the littoral and upper sublittoral regions of warmer seas. It was first 
eu) described from near Tangier in Morocco, but has since been found 


also in the Mediterranean ((64) p. 201, (65) p. 201, (222)) and in the Canary 
Isles (33). The one- to three-layered basal stratum (fig. 46 A, b) bears 
elongate upright threads (e), which are held together only by the gela- 
tinisation of their walls; in the older crusts the lower cells contain few 
or no chromatophores and appear to serve for storage only. The 
abundant hairs are sunk in groups in the crusts, their basal meristem 
in later stages producing ordinary thallus-cells below. Unlike the forms 
previously discussed, the unilocular sporangia develop from intercalary 
cells in the upper parts of the threads (fig. 46 D, u), while the sex organs 
are borne laterally at about the same level (fig. 46 A, ma, mi), but on 
distinct individuals. The greater specialisation, evident in the structure 
of the thallus, as well as in the sexual process (p. 124), is also shown by 
the restriction of the reproductive organs to a special zone near the 
surface of the crust (cf. Elachistaceae). 


_ A different developmentof the type of structure under consideration 
is found in Ralfsia ((31), (32) p. 190, (198) p. 48, (199) p. 9; incl. Stragu- 
laria Strömf. (69) p. 264), where the erect threads are coalescent 


i f (fig. 10 D, E, e). The species are perennials and form dark brown, 
Sg K almost black, often leathery crusts (fig. 11 A), frequent on rocks in 


| the littoral region. The crusts are circular, although older ones often 
Possess a lobed margin; they frequently show concentric zonation 
E (fig. 11 A) and may attain to 15 cm. or more in diameter. Older ones 


Y B | often exhibit considerable differences in thickness and have a rather 

locat fi na uen surface. Adjacent crusts commonly overgrow one another so 

e | jà at a complex Structure may appear in transverse section. The basal : 
uy. of Yer (fig. 10 F) is either attached directly to the rock (fig. xo E) or by 

‚GH ED of septate rhizoids (fig. 10 D, 7), and every cell bears an upright 

num MAL These threads show apical growth and frequently fork a little 

Ko Ü Y above the base (fig. 10 D, e); in some species (e.g. R. verrucosa 

the rest 


D 
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103, (133) P- 244) they are arched (fig. 19 E). Long colourless 
(106) Za basal meristem, borne on the ends of short threads 
MEN D, A) or arising directly from the basal system, appear em- 
Ee among the fused threads; they either occur singly or appear 
‘n tufts which sometimes arise from funnel-shaped pits (fig. 10 E, k). 
The single chromatophore is usually apposed to the upper wall of the 

. 10 D). 
Er fave phase, which sets in in late autumn, the erect 
threads grow out over localised areas as free filaments and form a 


number of sori appearing as flat warts on the crusts. The unilocular 


sporangia (fig. 10 D, u) are borne laterally on the free threads, while 


A 


D 


Fig. 11. A, Ralfsia verrucosa Aresch., old crust (photo.: P. L. Anand). 
B, Lithoderma fatiscens Kuck., old crust (l) with sorus (s) of plurilocular 
sporangia (after Kuckuck). 


the pluriloeular ones (fig. 10 G, p) are terminal in position ((8) p. 286, 
(32) P. IQI, (133) p. 241, (190) p. 140). After liberation of the swarmers 
the fertile threads are shed, while the parts below continue to grow 
(G90) p. 140). Vegetative enlargement, involving both increase in 
es and marginal growth, takes place during springand summer. 
era ((64) p. 263, (289) P. 27) combines the lateral position of 
p unilocular Sporangia seen in Ralfsia with a lack of fusion 
een the erect threads as in Nemoderma (see also (303) regarding 

Hapalospongidium). 
one similar crusts formed by Lithoderma ((x33) P: 237, (145) p. 165, 
AE d (203) p. 97; fig. 11 B) are at first light-coloured ; the species 
E E of colder Seas and are found more particularly in 
even Ge i sublittoral region. The coalescence of the erect threads, 
GE ertile plants, is very marked (fig. 12). There is only a single 
©mposed of uni- or plurilocular sporangia (fig. 11 B, s). The 

Faii 
6 
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cells contain several chromatophores, although in those of the fr d 
ee | 


threads there is generally only one; in the northern forms 
completely lacking (cf. (261) p. 19). 


The principal species, L. fatiscens Aresch. (L. extensum (Cro 
Hamel), was described as bearing the plurilocular Sporangia late; i 
on projecting threads ((11) p. 23, (118) p. 18, (149) P- 45). Kuckuck (i y | 
p. 165) subsequently found an otherwise similar form with termi : 
plurilocular sporangia (fig. 12 B, 2) and suggested that Areschou À | 
plant was wrongly ascribed to this species. Most authorities hae ef 
lowed Kuckuck in regarding the sporangia as terminal, while so 


Fig. 12. Lithoderma fatiscens Kuck. (after Kuckuck), vertical sections of two | 
strata; A, with unilocular, B with plurilocular sporangia. d, dehisced uni- 
locular sporangium; e, erect threads; p, plurilocular and u, unilocular 
sporangium; $, swarmer. | 


D f 
f 


((56) p. 501) even describe their position as variable. Svedelius (d | 
p. 176), however, regarded the two forms as distinct and referred 
Kuckuck's alga to a separate genus Pseudolithoderma., Recent investißt | 
tions of Lund (6s) lend considerable support for this view (cf. also en) | 
and the Lithoderma of Kuckuck with terminal uni- and pluriloculat | 
sporangia (fig. 12), normally borne on distinct individuals, must be 
regarded as different from that of Areschoug with lateral pluriloculat M 
sporangia. Whether generic separation is justified remains to be se” | 
Lund advances considerable evidence in favour of the view that Rel M 
ovata Rosenv. (zez) p. 900), which is known only with lateral unilocult i 
sporangia, may be the asexual phase of Areschoug’s Lithoderma Ja", 
(cf. also (111) p. 142, (203) P. 94). P 
Certain freshwater forms found in rapid-flowing streams ((73) P: a 
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p. 117, (262)), formerly included in Lithoderma ((11) p. 24, (67), 


© free M (78), (105) ve recently (270) been again referred to Gomont’s genus Heri- 

TS are M (293))s Ge p. 388). The distinctive feature lies in the plurilocular 

H iu ‘which are constituted by five or six of the uppermost cells 

ouan) f ect thread (fig. 10 B, p), each of which without further septation 

erall Fi a. a number of swarmers (fig. 10 C, s). The large unilocular spor- 
(ay d 0 ia are also terminal. The vegetative cells contain a number of | 
Mina] M Sa or lobed chromatophores. Klebahn s Lithodora (124) is probably | 

loups | a Heribaudiella, intimately admixed with some other alga. 

e fol. In Symphyocarpus (3), (133) p. 236, (150) p. 17, (202) p. 896, (203) p. 67), | 
Some an epiphyte in the sublittoral region, the erect filaments are short | 
(fig. 10 A) and bear the plurilocular sporangia (p) terminally. There | 

x are occasional hairs, while at certain points the upright threads are 


replaced by large cells (f) full of fucosan-vesicles; these were regarded 
by Kuckuck as homologous with the paraphyses of Scytosiphon. 


It is not improbable that some of the genera above discussed are 
reduced types, although in the present state of knowledge it is difficult 
to get adequate evidence for this point of view. 

‚A more elaborate structure is found in the Elachistaceae, well 
exemplified by Elachista. Here and in the families subsequently to 
be considered a greater degree of anatomical specialisation exists than 
in the Myrionemataceae. The thalli are differentiated into a colourless, 
d basal or central, medullary region and a peripheral photosynthetic 
cortex. The latter produces three kinds of structures which in the 
| | subsequent matter are distinguished as follows: (a) long threads of 
| 
[ 


more or less indefinite growth with cells containing chromatophores, 
the assimilatory hairs; (b) shorter and often copiously branched threads 
of limited growth, the assimilators (paraphyses of many writers); 

(c) long threads with colourless cells, the colourless hairs. 
| Elachista comprises a number of widely distributed epiphytes, 
Fin V which are specially common on Fucales; thus, E. scutulata (fig. 13 C) 
Log is found on the receptacles of Himanthalia, the swarmers germinating 
cular || !n the conceptacles from which the cushions of the epiphyte later 
| Project, while the very common &. fucicola Fries is chiefly found on 
| species of Fucus. The mature plants form small, firm, often hemi- 
erred | Spherical cushions which are densely pilose (fig. 13 C). The lower 


de BR ibe adult thallus (fig. 13 A) is constituted by a more or less 
en) | ie ME medulla composed of dense vertical rows of almost colour- 
cular Ir s (m), which in some Species at least are firmly joined together. 
st be © Upper part (cortex, c) is likewise often compact, although the 


cular’ Component threads are not 
sena T numerous assimilators ( 
orm, and frequently cl 


laterally united. They comprise more or 
a), which are commonly curved, monili- 
avate in shape (fig. 13 B, a), and, projecting 


1 © Den ` 
erc general litera’, spelt Elachistea, which is etymologically incorrect. For the 
69 P. 236, G8) p. i See (6) p. 9, (87) p. 117, (247) p. 168, (261) p. 21, (273), (280) 
107) > C 
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from amid them and often preponderating, the unbranched d 
latory hairs (A). The cells of the latter are densely filled with chy 
phores, except for some ol the uppermost which tend to decay earl 
((204) p. 19, (246) p- 145). These structures, which sometimes rent | 
length of a centimetre, 1n many species probably constitute the d d 
photosynthetic system. There are no colourless hairs. La | 
Young stages of Elachista! exhibit the usual discoid basal sch 
(fig. 13 H) of a single layer of cells (47) p. 23, Gss) p. 12, (204), E 
p. 144) From the latter arise numerous unbranched assimilator 
hairs (fig. 13 I, h), the basal cell of which is sometimes much nar 
rowed. These erect threads at first exhibit uniform division of n 
cells, but subsequently differentiate a little above the base an iA 
calary meristem (2) ((x2t) p. 216, (147) p. 63) which cuts off Series of 
photosynthetic cells to the outside. A cell below the meristem Sooner 
or later puts forth a lateral branch which develops into a secondary 
assimilatory hair (fig. 13 I, A’). This in its turn acquires a meristen 
and branches in the same manner, and so there appear upon the bas! 
system a number of primary tufts which gradually close together ty 
form a cushion. The medulla arises through enlargement of the cell, 
that bear branches (fig. 13 G, m), in some species perhaps supple. 
mented by an active formation of new cells from the overlying 
meristem.” The assimilators, like the secondary assimilatory hair, 
originate from the cells below the meristem and as a rule probably 
only commence to develop at a later stage; ultimately they are often 
produced in considerable numbers (E. fucicola), although scanty in 
some species (E. intermedia, fig. 13 F, G; (147) p. 25), and it is not| 
impossible that there may be some degree of variability in this respect 
in one and the same form. | 
The assimilators are no doubt homologous with the assimilatoy 
hairs, but growth becomes arrested before the intercalary meristem 
is established (cf. (147) p. 25, (247) p. 169). The meristems of the divers | 
assimilatory hairs tend to be located at approximately the same hor: 
zontal level and lie just above the point at which the cortex commenté 
Characteristic of Elachistaceae are the large, pear-shaped, usual | 
sessile unilocular sporangia (fig. 13 G, u), which are borne laterally 
on the basal parts of the assimilators and often occupy a zone a litt 


SSimi. | 
Omato. E 


way above the medulla (fig. 13 A, u). The plurilocular sporangia either Fi 

form intercalary sori on the upper parts of the hairs (E. Junt Fo 

fig. 13 J) or occur terminally on the assimilators (fig. 13 F). | vit 

The species of Elachista appear in general to be annuals (47) Pe plu 

(190) p. 160, Goal, the cushions commencing to develop in the cu of 

; o sys 

* This account of the early development is essentially based on Sen] | bt 

(246) study of E. intermedia Crouan and there are probably minor dus d m,r 

] in other species. threat 3 & ] 

i * Kjellman (121) p. 217) also speaks of thin, downwardly growing t Ku 
À but no other writer has recorded these. 

; D 
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livers! 

e hor 

ences. i 
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erally, 

a little 

‚either . 

ubrich, Pu d. Elachita A, C, E. scutulata Duby; B, D, E, E. stellaris Aresch.; 
1 with Here Crouan; J, E. lubrica Rupr. A, B, vertical sections of strata 
E i ar sporangia; C, several plants (e) on a receptacle of Himanthalia; 

RK ot unilocular sporangia on assimilatory hairs; F, section of a stratum with 

> eal! ofa ocular sporangia; G, the same with both kinds of sporangia; H, part 


0 : 5 
young basal stratum in surface view; I, early development of erect 


1 System; "mi zn Gn 
D | i Bass] I», assimilatory hair, with plurilocular sporangia. a, assimilator; 
: m, medulla; p Be h, h’, assimilatory hairs; i, intercalary meristem; 
prend eem ne 5 Wocular and u, unilocular sporangium. (A, C after Thuret 


Kuckuck.) » after Rosenvinge; H, I after Sauvageau; the rest after 
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spring and dying away during the winter, although sometim 
assimilatory hairs can apparently arise in spring from Persisting pars | 
of the thalli (139) p. 65, 682 p. 34). Formation of reproductive organ, 
normally begins in autumn and may continue through mogt Se à 
winter; in E. fucicola Rosenvinge (204) records the production 
locular sporangia in quite young plants and this is clearly not uncommon 
Symphoricoccus Was established by Reinke ((197) P- 17, (198) p, e 
(199) p. 3) for an alga with the structure of an Elachista but bearing 


es fresh a 
nm j 


Of uni. | 


Fig. 14. A, E, F, Leptonema fasciculatum Reinke (after Reinke); A, a" 


thread with plurilocular sporangia; E, unilocular sporangium; ^, bo) 
B-D, Halothrix lumbricalis (Kütz.) Reinke (after Kuckuck); B, base di. 
young plant; C, D, parts of assimilatory hairs, with plurilocular E 
in optical section in D. a, assimilatory hair; l, lateral; m, meristem; f» P 

locular and u, unilocular sporangium. 


à he 
uni- and plurilocular sporangia laterally, both on the bases of t 


assimilators (fig. 13 B) and on the upper parts of the assimilatory d 
(fig. 13 D, E). To this genus Kuckuck (47) p. 34) referred E. a 
Aresch. ((84) p. 26, (149) p. 60), which shows the same features: weil 
authorities hold, however, that the establishment of a distinct gen | 
not warranted (cf. (153) p. 10, (204) p. 27, (245)). : +. growth 
Other members of Elachistaceae form minute epiphytic EA soi 
which possess but an ill-defined medulla (fig. 14 B). This 5 p. 2 
Leptonema fasciculatum ((t47) p. 34, (198) p. 50, (199) P. 13) E 
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(468) p. 94; fig. 14 F), which Hamel ((87) p. xii) refers to 
2 aceae; the affinity with Blachista is, however, shown not only 
Pn unbranched assimilatory hairs, but by the large pyriform 
b the = SE that arise at their base (fig. 14 E). The plurilocular 
unilocu ia (fig. 14 A) are formed in the upper parts of the hairs. Another 
qo this genus, L. lucifugum Kuck. ((26), (134) p. 387, (137), (162) 
Gg which appears to be not uncommonly associated with Rhodo- 
pe 1 Rothii in caves (288), shows ((204) p. 40, (63) considerable 
al ring of the upright threads. Whether this is really one of the 
Plschistaceae remains to be seen. Halothrix (047) p. 26, (198) p. 49, 
(199) p. 1, (204) P: 37, (274)) is distinguished by the fact that the sori of 
plurilocular sporangia (the only ones known) form dense girdles around 
the assimilatory hairs (fig. 14 C, D; cf. Zosterocarpus). | 

The somewhat divergent genus Giraudya ((ss) p. 650, (82) p. 193, 
(147) p. 28, 630), a rather rare sublittoral European form, is included 
in the Elachistaceae by most authorities (cf. however (87) p. 189, 
(sz) p. 93). The upright threads, which form minute tufts, here 
develop into fusiform parenchymatous structures (fig. 15 A-C), 
8-10 mm. long; these bear terminal and lateral sheathed hairs (fig. 15 
E, F, 4), with a basal growing point (g), which are lacking in other 
Elachistaceae. The assimilatory threads are widest in the region of 
the intercalary meristem, which is situated towards their base. 
According to Sauvageau ((231) p. 17) the ill-defined medulla is formed 
by interlacing rhizoids originating from the lower cells of the erect 
threads (fig. 15 G, K, 7); these rhizoids can produce new assimilatory 
filaments (fig. 15 H, a; cf. also (82) p. 195), although the latter also 
originate from the basal parts of the primary threads (fig. 15 I, J). 


(49) P- 174 


/ The medulla of Giraudya would thus appear to differ in origin from 
des that of Elachista. The apical parts of the successive assimilatory 
7 |, threads gradually wear away or are used in the production of sporangia. 


_  Giraudya, though a polystichous form, has much in common with the 
| Elachistaceae in its method of branching. 


ol Only plurilocular sporangia have been observed and of these Sauva- 
, habit | geau distinguishes three types. One kind, arising by division of the 
ise of 1 peripheral cells in the upper parts of the assimilatory threads, forms 
oranga | — dense sori partly encircling the latter (fig. 15 A, B, D, s). Others (e), 
p, plur occurring in a similar position, form small excrescences on the surface, 


| uc those of the third type, which are not uncommonly branched 
of tht. 8: 15 L), are clustered around the bases of the threads (fig. 15 C, M, b) 


us A beneath the intercalary meristem. 
stellari L 9 . 
Mani à Gelatinous cushion-forms 
venus | A series of forms, c i | i 
" , conveniently grouped as Leathesiaceae ((256) p. 507; 
i Corynophlae d rac i Ge 


aceae of Kuckuck! and Oltmanns (47) p. 35), appear 


1 K h 
of te ((147) p. 8) regards the Myrionemataceae as reduced members 
nily, but for this view it is difficult to find adequate evidence. 
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| y y I aracter i d 

| jl sel related to Elachistaceae. J he are cn Ilse Dy 
cio : 
siderably greater production (0) 


to distinguish 3 


. " . .J 8 Con. M 
f mucilage. As in Elachista, it is posi, | © 


large-celled medulla (fig. 16 E, m) composed at 


Fig. 15. Giraudya sphacelarioides (Derb.) Sol. (after Sauvageau). A-C, erect p: 
threads of three plants, showing the diverse disposition of the sporangia; 


D, upper part of a thread with embedded (s) and projecting (e) sori; E, Fy n 

apices of young and older threads respectively; G, base of thread showing, ) 

rhizoid-formation; H-K, basal parts of threads showing formation of secon | W. 

E L, M, bases of threads with sori. a, assimilator; b, basil | th 
rangia; e, projecting sporangia; e ir; ; m, meristem 

7, rhizoid ; s, embedded SC "BEE 3 

compacted threads and a peripheral photosynthetic cortex (a) from s 


which numerous colourless hairs (h) j [yriactula | 
er project. In Mynacil v 
(Myriactis,! (9), (64) p. 272, (47) p. 35, (192), @46) p. 151), which d (c 


| 
h 
E à 
| Ma ? 1 i i ` ) | | 
| must be re ik Dour been given to a Composite Du | th 
ER . Si à E 
| Wu way justified (cf. (246) p. 15 ay the name Gonodia(176) for this genus 15 (« 
| VERS 
wei 
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mmonly (630), (150) p. 13, (256) p. 507) placed among Elachistaceae 
Ces most of the species of which were originally assigned to Elachista, 
the chief distinctive feature is indeed constituted by these colourless 
hairs which replace the assimilatory hairs of the latter genus. The 
facts suggest that the two types of structures are homologous (cf. (247) 


P. 167). * . ; 

Myriactula pulvinata (G81) p. 18), not uncommonly epiphytic on 
Fucales (Cystoseira, fig. 16 A, È; Halidrys), forms small gelatinous 
cushions, the lower part of which is completely embedded in the 
conceptacles (fig. 16 E). The cortex consists of numerous assimilators 
(a) which taper at each end (fig. 16-C, D, a) and bear the hairs (h) 
laterally. The early development appears to be much as in Elachista. 
In M. stellulata (Elachista stellulata Griff. (147), (207)), a rare endophyte 
in Dictyota dichotoma (fig. 16 B), creeping threads (c) extend hori- 
zontally beneath the superficial cells of the host and function as stolons 
from which a series of cushions can arise. The medullary threads 
penetrate the surface-layer of the host, which is always wanting at 
the place where a cushion occurs (fig. 16 B). In Myriactula both kinds 
of sporangia ((280) Ps a E as lateral outgrowths at the base 
of the assimilators (fig. 16 B-E). 

In this genus, as in Elachista, medulla and cortex are as a general 
rule of approximately equal size, but in Leathesia (813), (147) p. 43) 
and related genera there is an exceptionally large medulla. L. difformis 
(fig. 17 C) is an abundant annual on north temperate coasts, forming 
brown, rounded or lobed, gelatinous growths, up to 5 cm. in diameter, 
conspicuous between tide levels during summer on all kinds of sub- 
strata (rocks, other Algae). Corynophlaea ((6) p. 20; (147) p. 40), with 
a number of rarer species (incl. L. crispa Harv. (s0)), exhibits only 
trifling differences (mainly the wider cortex, fig. 17 A), and it is often 
(G47) p. 159, (256) p. 510) merged in Leathesia. The prostrate base in 
these genera is a more or less continuous expanse (fig. 17 E) and is 
as usual older than the erect-growing portion. In the mature thallus 
the branching threads composing the cushion consist for the most 
part of large cells with few or no chromatophores (fig. 17 B, m) and 
widely separated by mucilage (g). This extensive medulla is covered 
SEN cortex (c) composed of short assimilators, the cells of 
SE EM packed with chromatophores; in Leathesia proper each 
Pa ns a only 2-4 cells, the end one being enlarged (fig. 17 
er m amid the cortical threads hairs (4) project in considerable 
v. EEN of the common Leathesia has not been fully 
(a ut from what is known of it (G13) p. 89) and allied species 
De 5, (247) p. 166) it would appear that the prostrate system first 
dic. GE threads composed of small cells (fig. 17 D, e); 
(à) y division of the basal cells and multiply by branching 

P. 428). The medulla is formed secondarily by progressive 
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hair; 71, medulla: pe - o an Oe 
: ua) ; De, penetrating thread; p/, plurilocular anfi b p 
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wer cells of the threads and is graduall 


76 


enlargement of the lo 


calated between those AN: an i iate region | 
medulla and cortex there 1s an intermed gion (fig. 17 B, p A 


in whi Is are still relatively small. In L. difformis the qui. 
a = de assume an irregular stellate form (fig. ı 7B) M 
exhibit a considerable number of De P- 4 4), sod 
the medulla constitutes a framework of consi erable stability, d 
wide meshes of which are occupied by mucilage. The older thalli al 
commonly hollow, a condition which is more rarely realiseq d 
Corynophlaea. The two kinds of sporangia arise from the basal cell 
of the assimilators or | 


from the perimedullary cells (fig. 17 F). 
member of this family is Cylindrocarpus ((54); Petrospongi, 
Naeg.) in which the medullary threads are bound together by hyphae, 
The plurilocular sporangia have been described by Hanna (8) jy) 
C. Berkleyi (Grev.) Crouan (Petrospongium Berkleyi Naeg.; Leathesg 
Berkleyi Harv. (os) pl. 176). C. microscopicus Crouan (Eetocarpul, 


investiens Hauck), which is sometimes endophytic in Gracilaria, ha 
been fully studied by Kuckuck (ai: cf. also (64) p. 285). | 


Myrionemataceae, Elachistaceae, and Leathesiaceae constitute 4 
progressive series (though not necessarily an evolutionary one) with 
increasing anatomical differentiation, in all the members of which th 
thallus is composed of numerous equivalent upgrowing filament 
emerging from the basal system. The Elachistaceae show the com. 
mencement and the Leathesiaceae the further elaboration of a proximd 
medulla and a distal photosynthetic cortex, the latter consisting d 
the ultimate branches of the threads forming the medulla. These typi. 
are therefore multiaxial. Leathesia can in some ways be compare 
with Codium Bursa among Siphonales. 


y inte, 


Another 


Cylindrical uni- and multiaxial Types b 


In another series of gelatinous forms with essentially the same cor 
struction, the thallus takes the form of branched cylindrical strand 
(fig. 18) of a varying degree of firmness. The principal members mi) 
be grouped as Mesogloeaceae (647) p. 46, (187)), which comprise such 
common genera as Castagnea, Mesogloea, and Chordaria. Kuckud 
(47) p. 8) regards the Mesogloeaceae as the direct descendants of tht! 
Leathesiaceae, while Kjellman's ((r21) p. 221) Chordariaceae include 
not only both of these, but also the Myrionemataceae. i 
The radially symmetrical thallus of the Mesogloeaceae commoni; | 
exhibits differentiation into a central large-celled medulla (figs: 20, i 
22 D, m), a peripheral small-celled cortex (c), and an intervenit. 
ne pith cells of intermediate size, Longitudinal sections th 
ES F) Th thalli nearly always display a multiaxial structure (cf. 
hile. he axial threads form the more or less compact medu 
while their numerous offstanding branches, which are not unl” 


a 
BEL e 
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‘intel rise in their inner parts to the subcortex and in their outer parts 
3 € i give ris rtex; the latter consists largely of assimilators (fig. 21 D, a), 
M to the Me ich there usually arise hairs (4) of the customary type. 
att | PE od al threads originate from the first-formed prostrate system 
, al 2o B, b) and, as a rule, several threads arising from the latter 
à a | (fig. the basis of the medulla. In Mesogloea and Myriocladia, how- 
" M Dr there is only one such axial filament (fig. 19 A, m; B, af), the 
all m o tis] laterals (/) of which for a time run parallel to the parent- 
sed di ad and thus, together with it, constitute the axial strand com- 
al edid soning the medulla; the axial thread is usually clearly recognisable 


Ong 

pb M 

(88) ij D, á 
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1€ Col Fig. 18. A, Mesogloea vermiculata Le Jol. (photo.: R. Cullen). B, Castagnea 
strand virescens (Carm.) Thur. (after Newton). 


se suc! the apices of the thallus branches (fig. 19 A). The contrast between 
| _ the basic construction of Castagnea and Mesogloea, which in other 
soft], Tespects show considerable resemblances, is found also in other hetero- 
. trichous groups (cf. p. 445), where likewise in related types the erect 
E fronds May in the one be derived from a single thread, in the other 


monii. from a number of upgrowing threads. 

. 2061 Mesogloea vermiculata Le Jol. (M. vermicularis Ag. (9s) pl. 31) 
rvenin g 8. 18 À) is a frequent annual near low-water mark, often attached 
ions Ua 9 rocks with a thin covering of sand, though sometimes epiphytic. 
cff, Gesi oe cartilaginous M. Leveillei ((3), (147) p. 54, (187) p: 27), some- 
eduli | es placed in a distinct genus Liebmannia ((s) p. 60, (87) p. 166, 
united > P- 7), is commoner in warmer seas. The single axial thread 
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78 imilator (a) of some 1 
-- crowned by an assimilator ength, att 
(fig. 19 En a cro yell-marked meristem (g). Below the latter NI 
base of whic large and produce primary laterals (7), which v E 
cells CR thread for a considerable distance before bendin the ‘ 
appose [o] 


Ingi 
outwards to terminate in a curve 


d assimilator (a) like that at the, el 
p d retal 


\ 


Fig. 19. A, Mesogloea Leveillei (J. Ag.) M h., apical part of elle: au 
B-D, Myriocladia Lovenii J. Ag.; S ae of thallus. e habit; D, older P^. (18: 
in longitudinal section. E, Sphaerotrichia divaricata (Ag.) Kyl» P% d na 
thallus. F, G, Mesogloea vermiculata Le Jol.; F, germlings from swarmels | 
unilocular sporangia; G, gametophyte. a, assimilator; af, axillary flame 


br, branch; d, descendin Q : ` qm, AM l 
SU DORN g thread; g, meristem: h, hair; l, lateral; m S pi. 
! vui genet ade ga, primary nikon; pl gea A m 
; d m. . (25 
EVA Newton; E-G after Kylin) » D after Kuckuck; B after Par pl 
Pa 
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hread. From the part of the primary lateral below this 
ise secondary laterals (br), which form a large part of 
usually well branched and bear lateral hairs (k). 
(152) p. 52, (iss) p. 6) the cells of the axial thread 
for division, the resulting segments producing 
rimary laterals which push their way between the others or 
directly to hairs. In the mature thalli the axial filament is 
5 distinguishable from the investing threads; this multiaxial central 
Se may become fistular in the older parts. Hyphae arise from 


various cells of the thallus (fig. 21 D, hy), but they do not play so 


important à róle as in Castagnea, although, according to Parke 
(087) P- 24), they aid in producing a compact cortex. 


Myriocla 
is rightly b 


f the axial t 
:milator ar 
assimila 
the cortex; they are 
According tO Kylin ( 
retain some capacity 
further P 
jve rise 


dia, referred by Kuckuck ((47) p. 63) to a distinct family, 
rought by Kylin (@ss) p. 7) into close association with 
Mesogloea. Myriocladia Lovenii J. Ag. (6) p. 52, (6) p. 16, (147) p. 62, 
(149) p. 88, (152) P- 525 (iss) p. 7, (160) p. 60, (187) p. 32), a rare little- 
branched epiphyte on Laminaria (fig. 19 C), possesses a single large- 
celled axial thread (fig. 19 B, D, af), enveloped by a layer of large cells 
again formed by close apposition of the lower parts of the whorled 
primary laterals (p); the cells in question bear tufts of elongate, little- 
branched assimilators (a), only the bases of which are embedded in the 
general mucilage. The apex of the primary lateral ultimately bends out 
and terminates in a similar tuft (pa) which also includes hairs (A). The 
basal cells of the primary laterals further give rise to downwardly 
growing threads (fig. 19 D, d), which produce secondary assimilators. 
The subapical meristem ceases to function at an early stage, but there 
is long-continued intercalary division extending into the region from 
which laterals are produced. 

Certain species of Castagnea are commonly referred to a separate 
genus Eudesme (ei p. 29, (121) p. 226, (147) p. 46, (149) p. 85, (187), 
although this is by no means a universal practice (cf. (87) p. I 57). In 
Eudesme the axial threads are readily separated by pressure under a 
cover-glass, whereas in Castagnea proper they are united into a firm 
parenchymatous strand a short distance behind the apex. There are 
also.other slight differences ((187) p. 10), but, although segregation is 
possibly a matter of taxonomic convenience, there are no marked 
distinctions between the two genera and in the following account all 
the species are included under Castagnea. Setchell and Gardner ((256) 
P- 544; cf. also (279) p. 140) refer the species of Eudesme and Castagnea 
uo m ries' genus Aegira, which has been ignored by most recent 
sie owing to its inadequate basis (cf. (103) p. 505, (152) p. 57, 
ni P. 21). Kylin (Gss) p. 26), on the other hand, adopts the generic 

me Cladosiphon (Kützing) for the species of Castagnea proper. 


Vo virescens (Carm.) Thur. (Mesogloea virescens Carm. (95) 
oe 2, (187) p. 15, (198) p. 76, (258) p. 11) (fig. 18 B), a not uncommon 
le ual found usually in the lower part of the littoral region, has a 
ptentifully branched thallus which is densely villous owing to the 
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S ies, C. Zosterae ((149) 8 
irs ther species, C. terae ((149) p. 8c 
auc dg SE E and less branched (fig. 20 ) 


: ic on Zost à : 
E rc usually placed. in Eudesme. The species of Castag, 
x DS ate rarer in northern waters, although not uncommor 
pro 


i i . C. contorta l3 | 
warmer seas like the Mediterranean C. c "hurts SC 
from British and F rench shores. 


Sauvageau (233) has | 
ment of C. Zosterae. Many of the filaments, which arise from ; 


: 2 t first moniliform and qs 

tre of the basal disc (fig. 20 D), are a E. 
Ea hairs (fig. 20 E, pa), so that they closely resemble th 
cortical assimilators of the mature thallus; subsequently the di 
divide copiously and form an elongate medullary thread (fig. 20 H, 


eq i 


E25 


ZS Ze 


K, pf). The basal disc, however, also bears (fig. 20 E, I) occasions : 


sheathed hairs (sh) with a basal meristem, the lowest cell of whic 
later likewise divides to form a medullary thread (me) which then | 
bears a terminal hair (A?) devoid of a sheath; the sheaths at the base | 
may persist (fig. 20 I, sh) or vanish, 
The lower cells of the upgrowing threads elongate and remain | 
narrow (fig. 20 B, e), but produce no laterals (cf. also (187) p. 10). | 
Intercalary division (fig. 20 F, H, K), on the other hand, takes place | 
in most of the upper cells and is accompanied by the outgrowth of 
numerous assimilators (fig. 20 E-G, a) and of occasional sheathed | 
lateral hairs (kl). The rapid growth of these hairs often results in 
displacement of the distal portion of the primary filament so that the | 
hair appears terminal (fig. 20 B, h).2 Growth is then carried on by à 
division of the cell beneath the hair and leads to the production of | 
further laterals, one or other of which may assume the termini | 
position (pe p. 23, (233) p. 403), thus leading to a sympodial con- 
struction. Diverse other investigators have arrived at the conclusion 
that the development of the primary filaments in Castagnea takes 
place sympodially ((52) p. 185, (152) p. 56, (187) p. 22; cf. also (147) p. 48), 
the axial threads being built up of the successive basal portions of 
laterals (fig. 2x B, r-3), the apical parts of which are deflected to form 
the subcortex and cortex.? This is in contrast to most Mesogloeacest, | 
In which the axial threads branch monopodially. | 


1 According to Kylin ((155) : ke | 
i p. 26) the C. contorta described by Parke | 
(687) p. 18) is C. fistulosa Derb, et Sol. (Cladosiphon mediterraneus Kütz.). | 


* According to Parke (187) a | 
filaments, in the Species al by cf. also (32) p. 185) all the prima) | 


sheathed hairs (cf. fig. 21 C), but in view of Sauvageau’s observations it | 


Position is secondary (cf. also 


appears probable that the terminal iti Kë 7 


p. 26). 

; Among the immedi i 
i at 
differences in ate allie 
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Fig. 20. Castagnea Zosterae Thur. (after Sauvageau). A, plants of different 
e on leaf of Zostera (2). B, development of erect threads from basal system. 
C NE of mature thallus, with young unilocular sporangia. D, basal 
de m ora the surface. E, G, I, development of assimilators. F, H, 
OR: eee of descending filaments (d). K, later development of a primary 
syste ‚ament. F and G are parts of same filament. a, assimilator; b, basal 
YStem; bc, basal cell of assimilator; d, descending filament; e, erect thread; 
E of hair; A, hair; Al, lateral hair; ht, terminal hair; m, medulla; 
part f ullary thread; pa, primary assimilator; pf, primary filament; s, erected 
of lateral; sh, sheath of hair; u, unilocular sporangium. 


= 


FAii 7 
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he cells ofthe first-formed axial filaments of Castagnea thus Come |) 
ioe merous well- ranched laterals, but this primary condition |) 
to bear nu derable secondary activity leading to a more A 


g 
| 
i licated by consi || 
Ein ue Supplementary medullary threads, beach ` 
| 


als, are produced by the developme P 
numerous nn ds (fig. x F, H, d) from the Sec Ge A | 
eent laterals. In C. Zosterae and C. fistulosa (87) p. 20) | 
they constitute a large-celled perimedullary RU e figs. 20 K, d; | | 
21 A) and can scarcely be distinguished from t > nn ul threads | 
except by their mode of origin. Their pumerous aterals (a) push in à 
between the primary ones and contribute a further system of assimi. | 
lators to the cortex; the basal cells of these secondary assimilators | 
sometimes repeat the same process. According to Parke (187) p. 17) | 
such downgrowing threads are not produced in C. virescens. | 

Perimedullary threads also appear to originate by the erection of | 

certain primary laterals (fig. 20 K, s) which grow parallel to the f 

original axial threads for a considerable distance (cf. Mesogloea) and |) 

contribute other secondary assimilators to the cortex. According to | 

yu Sauvageau ((:33) p. 407) this is due to intercalary division of the basal | 
cells of the primary lateral. Branching hyphae, which are probably | 

largely mechanical in function, may grow out from any cell. In | 
C. fistulosa they form an investment to the medulla. | 
In the mature thalli of Castagnea the medullary threads often M 
separate, leaving a cavity occupied by gas (fig. 20 C). The inner cells B 
of the laterals forming the cortex and subcortex commonly elongate | 
appreciably, while the smaller outer ones bear copious branches, but | 
in many species (e.g. C. virescens) there is no very sharp boundary | 
between the two regions. On the other hand, in C. crassa (Mesogloea | 
crassa Suring. (266) p. 85), which Kylin (Gss) p. 33) makes the type of | | 
a separate genus (Zimocladia), cortex and subcortex are sharply ff 
differentiated (fig. 21 E). The ultimate laterals, the assimilators, arè M 
usually moniliform and not uncommonly curved (fig. 21 B, 4). | 
Branching of the thallus is effected by the outgrowth of series of | 
medullary filaments, | 
Castagnea and Mesogloea, which thus differ appreciably in their M 
basic construction, probably represent divergent developments from | 
a common source. In both the primary threads and their Jaterals | 
Sa peminate in assimilators, and the development of d 
E^ s = kon by erection of laterals is repeated in Castagn? v 
d ent s sach individual primary filament. The early develop E 
allus in C. Zosterae shows similarities to tha: of Leathe e 


(p. 73). In both assimilators are first produced, while the medull f 


originates secondarily, i 
The cartilaginous thalli of Chordaria ((6) p. 62, (63) p. 9, (99) 5 


Pp: 60, (ss) P: 39; (198) p. 7 ture 
Gen AN "74, (200) p. 57) show a more compact struct: 
In C. flagelliformis (tos) pl. 1x 1), a frequent annual E rica tide-ma™ 
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Jongate main axis bears whip-like branches which exhibit little 
the elo arching (fig. 22 A); the entire surface is clothed with long 
ae ie 22 D, h) with very gelatinous membranes. Transverse 

air ° 


eap. NS 


IS 


Fig. 21. A, Castagnea contorta Thur., periphery of thallus in longitudinal 
section, with plurilocular sporangia. B, C. fistulosa Derb. & Sol., apex of an 
axial thread, showing sympodial growth, 1-3 successive segments of the 
Sympodium. C, C. virescens (Carm.) Thur., apex of medullary filament. 
i UI vermiculata Le Jol., peripheral part of thallus in longitudinal 
SE with unilocular sporangia. E, Castagnea crassa (Sur.) Kuck., longi- 
= san of part of thallus, a, assimilator; c, cortex; h, hair; hy, hyphae; 
(B ER ulla; P; plurilocular and u, unilocular sporangium; s, subcortex. 
ter Kylin; C after Parke; the rest after Kuckuck.) 


i ds of the thallus show a broad, compact medulla (fig. 22 D, m) 
d ae al cortex (c); the cells are smaller than in other members 
inte S family. ‘The medulla consists of larger (primary) cells. (mf) 

mingled with numerous narrow hyphae (Ay); the latter are out- 


Srowths from the medullary cells and grow vertically upwards and 
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Fig. 22. A, C-F, Chordaria; À, D, E, C. flagelliformis (Müll.) Ag; E. (ss) | 
C. Chordaria (Harv.) Kuck. A, habit; C, apex of thallus; D, tr" form, 
section of same; E, peripheral part enlarged; F, longitudinal section D H divar 
of thallus, with unilocular sporangia. B, Haplogloea Kuckuckti Kyl., P on th 
thallus. G, Heterochordaria abietina (Rupr.) Setch., section, with p Jun gd P. 38 
sporangia: a, assimilator; af, axial filament; c, cortex; cu, cuticles UM inter 
a ypna; m, medulla; mf, medullary filament; p, plurilocular ane” yë assim 
ocular sporangium, (A, photo.: R. Cullen; D after Reinke; E after 
G after Setchell & Gardner; the rest after Kuckuck.) 


| this. 
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. 22 F, hy). There is no subcortex, the comparatively 
downware® Ee assimilators (fig. 22 D, F, E adita 
short a from the medullary threads; the branches of the assimilators 
direct ed abaxially (fig. 22 C, a) and combine to form a dense 
are PR amid which the hairs (A) project. 

E end-cells of the assimilators and of their branches are often 

larged and provided with a strongly thickened outer wall (fig. 22 
» E, a); in the Australian C. Chordaria (847) p. 61) the assimilators 
consist of only two cells, of which the outer is elongate (fig. 22 F). 
In the growing tips there are a number of axial threads (fig. 22 C), 
each with an ill-defined meristematic region at the base of the apical 
assimilator ` their laterals, terminating in branched assimilators, 
apparently insert themselves continuously between those already 
present, giving the apices a fan-like appearance. The branching of 
the axial threads is monopodial, as in Mesogloea. 


Numerous variants on the types of construction above considered 
are found among Mesogloeaceae. A number of genera lack the colour- 
less hairs found in other members of the family. Thus, in the highly 
mucilaginous Myriogloea Sciurus ((147) p. 62, (161), (187) p. 29; Myrio- 
cladia Sciurus Harv. (6) p. 19, (93) pl. 58), which is not uncommon in 
the Southern Hemisphere and has much the habit of a Castagnea, the 
multiaxial medulla is encased in a dense cortex composed of long 
unbranched assimilatory hairs (cf. also (66)). Each of the medullary 
threads possesses a sharply defined intercalary meristem (fig. 24 D, g), 
surmounted by one of these hairs and, as the axial threads increase in 
number by branching (br) below the meristem, the outermost ones 
diverge in a fan-like manner. There is resemblance to Elachista in the 
presence of assimilatory hairs and in the relation of the different parts 
to one another. The medullary threads give rise to branched hyphae 
which run horizontally between the former. According to Parke (087) 
P. 29) the sporangia arise laterally at the level of the intercalary meristem 
and the two kinds occur on distinct plants. Kylin (Gss) p. 12), however, 
States that M. Sciurus lacks plurilocular sporangia, while those of other 
Species are formed in the upper parts of the assimilatory hairs. The 
southern types, with plurilocular sporangia originating near the bases 
of the assimilatory hairs, are placed (p. 15) in the new genus Levringia. 
_ The American Mesogloea Andersonii Farl. ((63) p. 9), which was 
included by Kuckuck ((147) p. 63; cf. also (256) p. 556) in Myriogloea, is 
rd uniaxial (cf. fig. 22 B) and possesses numerous short curved 
Gm ators amid which the sporangia arise. Levring ((161) p. 48; cf. also 
e refers it to a distinct genus Haplogloea. Another uniaxial 
dimos eon listed as Mesogloea divaricata (Ag.) Kütz. or Chordaria 
on EE (cf. (130), (163), (174a) p. 146, (200) p. 57), which is common 
p. 38) di antic coasts of the United States, is according to Kylin (set 
oe Ae by the fact that cell-division is confined to the 
assimilate, meristem (fig. 19 E, g) situated beneath the 2-4-celled 
this alga T (a) that caps the axial thread. Kuckuck (G47) p. 10) referred 

8a to Nemacystus (p. 90), because he believed it grew by ar 
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apical cell (cf. also € 


enus Sphaerotrichia. — j 
g Certain other, rather imperfectly known, genera show resemblance | 


: Zi Rupr.) Setch. & Gard 
a. Heterochordaria abietina ( D. (ey 
to E ero: Chordaria abietina Rupr.), a small Pacific form With la 
p. 9 Ut branches giving the plant a fir-like habit, differs equal 
ey from the true species of Chordaria ((147) p. 60) and seem: 


200) p. 57). Kylin makes it the type of a disting 1 


On. | 
S to M 


T | 
; m 
Fig. 23. A-D, Analipus fusiformis Kjellm.; A, B, habit; C, vertical section M 
of basal stratum; D, peripheral part of transverse section of erect thallus, || 


with unilocular sporangia. E-H, Caepidium antarcticum J. Ag.; E, habit M 
E part of erect thallus, and G, of basal vesicular growth, in transverse section, | 
with unilocular and. plurilocular sporangia respectively; H, section of bast 
vesicular growth, with hair. a, assimilator; b, basal stratum; e, erect thallusi 
h, hair; m, medulla; p, plurilocular and u, unilocular sporangium; s, steril 
cell. (A-D after Kjellman; E-G after Skottsberg.) 


3] 


4 
possess an isomorphic life-cycle (p. 130); it forms extensive COM | 
munities below low-tide level ((76) p. 34). Both in the general habit an 
in the possession of a well-developed, probably perennial, basal stratum M 
there is resemblance to the Antarctic Caepidium ((6) p. 58, (57) P: 4 [i 
(261) p. 27). The erect multiaxial fronds of the latter (fig. 23 E) WHS 
here arise from cup-like depressions in the lobed basal crust (P) 2 
attain a height of 16 cm., have a cortex composed of usually zelt 
assimilators (fig. 23 F, a), with unilocular sporangia (u) embeddt 
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hem. The striking feature is the production from the basal 
petween "s of the year of vesicular growths of diverse size, 
crust at à those of Leathesia (p. 73). At first these develop as small 
resembling showing the same structure as the ordinary erect fronds, 
olid p S enlarge and become hollow; they bear single hairs lodged 
put later t it (fi 23H, h). These vesicles bear the plurilocular sporangia, 
Becr Beet in large irregular sori (fig. 23 G, p) and sometimes 
hole surface; interspersed between them are large 
ee) filled with dark-brown contents (fucosan?). Cotton ((s3) p. 168) 


ed that two distinct Algae might be involved, but Skottsberg’s 
su 


joi) reinvestig : 
= alga as the erect fronds (cf. also (232) p. 334). In view of the 
same algé 


obable close affinity between Mesogloeaceae and Leathesiaceae there 
Me othing very surprising in the erect growths from the basal stratum 
: ERE the structural characteristics of the two families. The Pacific 
Hapterophycus Gor), in which the perennial crusts produce upright 
branches bearing unilocular sporangia, may also belong to this affinity. 

Another debatable genus is Analipus (G16) p. 48, (252) p. 252, (256) 
p. 575, (290) p. 119), so far recorded only from the Behring Sea. The 
well-developed basal system (fig. 23 A, B, b) is several-layered and 
shows some anatomical differentiation (fig. 23 C). It bears a number 
of cylindrical unbranched erect fronds (fig. 23 B, e), reaching a height 
of 6 cm. and having much the same structure as in Chordaria (fig. 23 D); 
the unilocular sporangia (u) arise at the base of the few-celled cortical 
assimilators (a). 


Acrothrix gracilis ((147) p. 65, (149) p. 93, (152) p. 53, (187) P- 33), which 
is referred to a distinct family by Kylin (ss) p. 43), is an infrequent 
sublittoral northern type(sz.:87).! The uniaxial thallus is rather 
delicate, though well-branched, and attains a length of 3o cm. The 
i main axial filament is terminated by a hair (fig. 24 A, A), with a 
| sharply defined basal meristem (g), the segments of which (af) enlarge 
| 


b 


without further division. They produce whorls of primary laterals of 
limited growth, the basal cells (b) of which undergo marked increase 


section M SU vede 
In size and divide to form short large-celled perimedullary threads (p) 


thallus, | 


, habit; | DRE a continuous one-layered envelope around the axial 
d i eat The second cell of each lateral usually develops an adaxial 
thallus | prea ist Pre oinor constitute a terminal assimilator (a). Other 
, steril d ane DE (a) arise from the basal cells of the laterals, 
| iem GE he EE cells, and in their entirety they form 

| medullary th omp ete envelope to the axial system. Later the peri- 

o em i A. Y threads separate from the axial one, which either undergoes 
bit ant M 2 attenuation (fig. 24 E, af) or disorganises so that the thallus 
E E fistular (fig. 24 C). Branching is effected by the occasional 
P ich ie Meee a primary lateral into a new axial thread. Except for 
(6) a na Y growth and the presence of a terminal hair, Acrothrix 
DN Bee (Gi e e have been recorded from North America, Japan (205) and 
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h resemblance to the Sperthatochnaceae considered below. 
ee ee ily obvious in A. novae-angliae 1 aylor (79), (279) p. 159), 
D u of genera discussed in this section constitute a plexus of 


LEE 


FE 


TETE 


TUE 


| 
Fig. 24. A, B, E, Acrothrix gracilis Kylin; A, apex of thallus; B, peripheral | 
part of longitudinal section of mature thallus, with unilocular sporangia; | of 
E, centre of mature thallus in longitudinal section. C, A. novae-angliae | 
| "Taylor, part of cross-section of thallus. D, Myriogloea Sciurus (Harv.) Kuck. M 
apex of thallus in longitudinal section. a, assimilator; af, axillary filameat; | y 


ah, assimilatory hair; b, basal cell of lateral; br, branch; c, cortex; g, meristem; | at 


h, hair; mn, axial threads; P, perimedull: i i : ium. 
(C after Taylor; the rest SE KENN m tres =. 


th 
interrelated forms showing points of contact on the one hand with re 
Elachistaceae, on the other hand with SPOTTA eran They " 
exhibit a progressive restriction of division to the subterminal th 
meristem, as is shown by a comparison of Mesogloea with Sphaero- er 
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rothrix, all uniaxial types with monopodial branching. 

ultiaxial forms Myriogloea and Castagnea show the same 
Among E rowth as Mesogloea, although Castagnea stands out by 
> dal build of its threads; Chordaria, on the other hand, 
she RE Proc Sphaerotrichia in the restriction of division to the 
seems 


re ion (0) 

The 0 
24 B) are al 
Jators, while 
from the di 
(eg p- 550), 


grichia and Ac 


meristem (ass) p. 60). 
ee late E cue sporangia (figs. 19 B, D; 21 D; 22 Er 
ways borne laterally on or near the bases of the assimi- 
the plurilocular sporangia (289) p. 237) are usually formed 
stal cells of the latter (fig. 21 A); in Heterochordaria 
however, they are developed from the inner cells of the 


Fig 25. Strepsithalia Liagorae Sauv. (after Sauvageau), A with unilocular, 
nae with plurilocular sporangia. a, assimilator; b, basal system; d, dehisced 
unilocular sporangium; A, hair; p, plurilocular and u, unilocular sporangium. 


akt (fig. 22 G, p). Protection of the sporangia is most marked 

ie E where the often enlarged and thickened end-cells of 

xa simulators unite to form a protective cap (fig. 22 D), which is 
n supplemented by a layer of mucilage (cf. Laminariales). 


Strepsi, thalia (ex i i 
4), an endophyt i i 
m en ophyte in various gelatinous Algae (Meso 


atintervals com a), shows a loosely branched basal system bearing 
assimilators e pact mucilaginous tufts composed of numerous branched 
threads and nd Es a). Hairs (h) are formed both on the creeping 
‘semble those ee S lower cells of the assimilators. The latter closely 
Is heightened certain species of Castagnea, a resemblance which 
fig, 25 A, u) b the large unilocular sporangia borne at their base 
the same Due € plurilocular sporangia (fig. 25 B, p) usually arise in 
creeping Ent but both kinds can also originate directly from the 

S. Strepsithalia is clearly a reduced form, which was 
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referred by Kuckuck (147) to the LE eae but a closer affinity with 3 
i be suspected. | v 
the Mesogloeaceae 1$ perhaps to p E 
cel 
The Spermatochnaceae V 


s of this family, while showing the same general structure | 
The, ee ee are specially distinguished by apical growth | 
of the axial filaments, the segments cut off from the hemispherical 
apical cell (fig. 26 C, ac) undergoing no further division. The uniaxial 
Nemacystus, in particular, shows much resemblance to Acrothrix, and | 
it can hardly be doubted that here, as In other groups of Phaeophyceae 
(cf. p. 112), the trichothallic meristem has been replaced by a definite 
apical cell (cf. (175) p 60). According to Kuckuck (647 p. 65) the 
apical hair (fig. 24 À, h) is shed in older plants of A. gracilis and, 
subsequent to this, the cells of the axial thread exhibit enlargement 
only. If, however, the meristem remained active, we should have | 

reached what is tantamount to apical growth and this apparently | 
obtains in A. novae-angliae Taylor (76), a species which comes very | 
close to Nemacystus. | 
This genus is probably the most primitive of the uniaxial Spermat- | | 
ochnaceae. In N. flexuosus (N. ramulosus Derb. et Sol. ((58) p. 269, 
(98) p. 366, (147) pp. 10, 68), a Mediterranean species with a branched | 
filiform thallus, the basal cells of the whorled laterals (fig. 26 C, /) | 
keep pace with the elongation of the segments of the axial thread, | £ 
forming a large-celled envelope around it, much as in Acrothrix;later | 
the thallus becomes hollow and the axial thread may disappear. The | 
‘second cell of each lateral, as in other Spermatochnaceae (cf. fig. 27 B), | 
produces an adaxial hair (fig. 26 C, h), while the remaining cells con- | 
stitute a primary assimilator (pa, cf. Acrothrix). The large-celled | 
perimedullary envelope is augmented by the outgrowth of short d 
threads (d) which bear numerous secondary assimilators (sa). The à 
two kinds of sporangia arise laterally from the lower cells of the | 

| 


assimilators (fig. 26 F). In the Japanese N. ‘decipiens (Mesoglota | c 
decipiens Suring. (266) p. 75; Cladosiphon decipiens Okam. (177) pl- 89) 
the thallus remains solid. 

Spermatochnus paradoxus (Stilophora Lyngbaei Harv. (5) pl. 237) F 


a deep-water annual growing on sand or mud, has a firm dicho- | 8E 
tomously branched thallus which is fistular in the older parts (fg. | 


27 A). The axial thread ((198) p. 66, (200) p. 53), arising from the usual | E 

prostrate base, bears alternating whorls of generally four clavate | e 

assimilators (fig. 27 F, a) at the upper end of each segment (fig- 77 | — 8 

Liew B, a). The basal cell (b) of each such assimilator at an early stag? à ‘ 
AUS grows out on its under side into a branched cortical thread (fig: 27 | ( 
or B, F, d), which keeps pace with the increasing elongation of the axial e 
(GP segment so that the group of threads from each whorl completely S 

4 envelops the part of the segment below. This is followed by u 
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epibasal cells of similar threads (fig. 27 B, d') 
outgrowth E ned, Subsequent periclinal division of the 
er 


ehe outer threads results in a firm, several-layered envelope 
cells 0 


ith 


il Big 26. A, B, Chordariopsis capensis (Ag.) Kyl.; A, apex in longitudinal 
i S ction; B, small part of periphery of transverse section, with unilocular 
(fig: ee C-F , Nemacystus flexuosus (Ag.) Kyl.; C, apex of thallus; D, E, 
usual quali; F, periphery of longitudinal section of mature thallus, with 
avate of Bes : AR assimilator; ac, apical cell; c, cortex; d, descending filaments 
ig. 27 sporangiu, W hair; 1, lateral; m, axial thread; p, plurilocular and u, unilocular 
stage o IN after E. pa, primary and sa, secondary assimilator. (A, B after Kylin; 
uckuck; D, E after Sauvageau.) 

g (fig. 27 C. E | 

axial Sense L, co) around the axial thread. Later, owing to the 
letely separate DCH Ferd growth, the axial thread (fig. 27 D, E, L, m), 
y the Tom the surrounding envelope, the resulting hollow (c) 
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Fig. 27. Spermatochnus paradoxus Kütz. A, habit; B, apical part of thallus I 
in longitudinal section; C; the same, external view; D, longitudinal section 
of older part of thallus; E, transverse section of relatively young part of t S 
thallus; F, apex of thallus; G, H, axial thread with hyphae; I, K, assimilators 
With, unilocular and plurilocular sporangia respectively; L, small part H 
longitudinal section through an older thallus, with a’ sorus of unilocular 
rangia. a, assimilator; ac, apical cell; b, basal cell of lateral; c, SEN 
cortex; d, descending filament from basal cell, d^ from epibasal cell; 

ibasal cell of lateral; k, hair; hy, hypha; l, lateral; m, axial three Are 
» plurilocular and u, unilocular sporangium; sa, secondary assimilator - 
A after Newton; G, H after Jönsson; I, K after Sauvageau; the rest ? Sa 


7 
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à ‘ed by aqueous mucilage. The persisting axial thread 
being +. E e connected to the cortical envelope by the 
2 , 


al cells 


: ay gi : 
a CHA of the former (fig. 27 G, H, hy); their cells may 
ate: 


: atophores (cf. Desmarestia, p. 186). 
aan Ze phase sets in (fig. 27 D, E, L), the pro- 
no portions of the assimilators are shed and only the basal (b) 
Srel (e) cells remain. From the latter hairs (4) and secondary 
2 SE (sa) are produced, the uni- and plurilocular ((246) p. 122) 
a ia usually arising as lateral outgrowths from the lower cells 
Pe assimilators (fig. 27 I, K). The sori thus formed occupy the 


ositions of the former primary assimilators, but similar sori can 
subsequently originate at any point on the cortex. 

Spermatochnus departs appreciably from the forms hitherto con- 
sidered in the fact that the assimilators are of quite subordinate 
importance until the time of reproduction, the photosynthetic region 
of the vegetative plant being constituted by a cortex formed by the 
close juxtaposition of cortical threads produced from the lower cells 
of the whorled laterals. In this respect it resembles the Desmarestiales. 
The abundant production, in the reproductive phase, of assimilators, 
which, as in Mesogloeaceae, act both as a protection for the developing 
sporangia and as a local photosynthetic apparatus, is again a feature 
seen in many advanced members of the Brown Algae. 


Stilophora and Halorhiza are multiaxial, although it is uncertain 
whether this structure is primary or secondary (cf. fig. 28 F).* The 
peripheral cells of the axis bear curved assimilators (fig. 28 A, C, F, a) 
which overtop the summit, although more or less widely separated in 
the older parts as a result of the marked elongation of the axial cells. 
The cortical envelope (fig. 28 C, co) is formed in the same way ((198) p. 70, 
Qoo) p. 55) as in Spermatochnus (cf. fig. 28 F), its peripheral cells finally 
dividing to form a small-celled superficial layer (fig. 28 E, s) bearing 
the simple or branched secondary assimilators (sa); these are either 
moy distributed (Halorhiza) or appear in localised areas (Stlo- 
ed They bear the two kinds of sporangia (80) p. 238) on their 

er cells (fig. 28 D, E, p). In the older parts the medullary threads 


1 
Ke qu Lejolisii Reinke (Stilophora Lejolisii Thur.) is referred by 
sympodial 147) Pp. 11, 70) to a distinct genus Stilopsis, distinguished by the 
celle RATER of the axial thread which becomes surrounded by a large- 
Papillate (cf ES ee The numerous assimilators are short and 
a : P- 50). 
forms pace (147) PP. 11, 68) gives rather contradictory accounts of these 
P: 230), € description given above is based on that of Kjellman ((xar) 
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ate, the central hollow being occupied by hyphae which a 

meinem the medullary cells (<> cibo GD pos Gp. 

S Stilophora rhizodes ((95) pl. 70) is a not uncommon annual on di 

substrata near low-water mark and favours situations where there 
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Fig. 28. Stilophora rhizodes J. G. Ag. A, apex of thallus; B, habit; C, F, 
longitudinal sections of apex of thallus; D, fertile tuft with plurilocular 
sporangia; E, peripheral part of thallus with a similar fertile tuft. a, assimi- 
lator; ac, apical cell; b, basal cell of lateral; co, cortex; d, descending filament 
e, epibasal cell of lateral; A, hair; m, axial threads; p plurilocular sporangia) 
s, surface layer of thallus; $a, secondary assimilators: (A, C after Reinke; 
B photo. R. Cullen; D, E after Thuret & Bornet; F after Kuckuck.) 


influx of fresh water into the sea, The thallu oc 
s (fig. 28 B), up to 05%; 

long; nr sen branching, eH wart-like soll 
eing scattered over the whole surface, 3 ütz. is so tal 
known only from the Baltic. NL e qp 


Kylin (Gss) p. 54) establishes the genus Chordariopsis for the South 
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s Aresch. (cf. (147) P- 62), a uniaxial form 
ymatous structure (fig. 26 A). Assimi- 
distingu mpletely lacking on the vegetative parts, while on the fertile 
Jators are KE B) they appear as clavate, usually one-celled, structures (a) 
tracts [Protection for the unilocular sporangia (u) which arise from 


ng 
DE peripheral cells. 


: daria capensi 
African or by its firm parench 


The Genus Splachnidium 


e is every reason to believe (447) p. 9, (260) p. 287) that this 
Ther alous monotypic genus is a specialised member of the haplo- 
Po us Ectocarpales. S. rugosum ((93) pl. 14; fig. 29 A), with a 
a ane monopodially branched, hollow thallus attached by a basal 
a is a perennial alga of the Southern Hemisphere (Cape of Good 
Hope, Australasia). In the past it has usually been referred to Fucales 
owing to the occurrence of the unilocular sporangia (fig. 29 C) in 
conceptacles, although the considerable | differences were already 
clearly pointed out by Mitchell and Whitting (170). The “apical cell 2 
recognised by earlier investigators ((93) pl. 14, (156), (170), (201)) is an 
endophytic Codiolum (az) p. 78, (260) p. 282) which appears to be 
invariably present (fig. 29 B, D, c). 

'The apices of the thallus-branches (fig. 29 D) are occupied by 
monopodially branched threads (£), capped by numerous short, 
clavate assimilators (a). The axial threads grow by a subapical 
meristem (me), but separate widely a short distance behind the apex; 
as in Leathesia, however, they remain connected by anastomoses 
bridging the large mucilaginous interspaces (fig. 29 B, m), which are 
also traversed by numerous branching hyphae (Ay). In the older parts 
the assimilators are shed and the surface is formed by a compact 
cortex (co) of small cells. 

The conceptacles appear to originate in the immediate neighbour- 
hood of the apex by localised cell-division leading to overarching of 
certain parts of the surface. The centres around which theconceptacles 
arise are usually occupied by a Codiolum-individual (fig. 29 D). This 
m imply that the presence of the endophyte exerts a stimulus! or 
Se association may be due to a local alteration of the surface facili- 

ing colonisation. Hairs are restricted to the inner surface of the 
Conceptacles, although they project from the aperture, much as in 
Fucales (fig. 29 C). The large unilocul i ix i 
Rom dio GL ed ge unilocular sporangia (u) arise successively 
5 orming the inner lining (w). Laing has observed the 

E of zoospores (see (174). S 
m h porcum constitutes a striking example of parallel develop- 

» the conceptacles though so similar to those of Fucales being 


Orne o 5 x 
of un thallus with an altogether different structure and mode 


* Nienburg in Zeitschr. Bot. 13, 181, 1921. 
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Pig. 29. Splachnidium rugosum (L.) Grev. A, habit; B, apical part of a 
Pen do longitudinal section; C, section of a conceptacle, with unilocular 
On D, longitudinal section through apex of thallus. a, assimilator; 
i E PIED co, cortex; h, hair; hy, hyphae; m, mucilaginous inter- 
ae eeu apical meristem of axial thread; z, axial threads; u, unilocular 
Porangium; w, wall of conceptacle. (A after Mitchell; the rest after Kuckuck.) 


(c) THE PorvsrICHOUS ECTOCARPALES 


The formatior of a thallus b itudi i i 
natior. y longitudinal septation of a primary 
filament is infrequent, although found in iene and Prasiolaceae 


among Chl : S 
the ne jesse end in Bangiales among Rhodophyceae. In 


: €, on the other hand, it has resulted in the evolution 
ofan SE Specialised Laminariales and Fucales. On these grounds 
ht appear justifiable to treat the polystichous Ectocarpales as 2 


l 
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er. Their simplest representatives are, however, but little 
: ae, both in structure and reproduction, so 
remove on of the polystichous forms from other Ectocarpales 
b artificial. The early stages of development, moreover, are 
would be pad evidently heterotrichous (figs. 31 A; 33 K), one or 
ectocarpo! al of the erect threads giving rise to mature thalli. 
usually TER longitudinal division is found in diverse Ectocarpaceae 
oe this tendency, though little apparent in the vegetative 
(p. 55) iic haplostichous forms, is shown by the frequent multi- 
a i acter of the plurilocular sporangia. The diverse genera to 
Se a closely related assemblage and their segregation 


idered form 2 3 
ee presents considerable difficulties. The grouping adopted 
in 


below, based on morphological characters, is largely one of con- 
e E 
venience. 


Punctariaceae 


One of the simplest polystichous forms is Phloeospora (47) p. 82, 
(167). The erect filaments of P. brachiata Born. (Ectocarpus brachiatus 
Harv. (95) pl. 4), a widely distributed but rather rare summer epiphyte 
on Rhodymenia palmata, arise from a system of endophytic threads 
(fig. 30 G, e) and are at first uniseriate (fig. 30 B). Longitudinal walls 
appear at rather regular intervals (2) and, at these points, branches (br) 
and, at a later stage, reproductive organs arise; the branches are 
commonly opposite. Longitudinal septation later extends also to 
other parts (fig. 30 A), but the apices (a) of the filaments remain 
permanently uniseriate. Division of the primary cells is sometimes 
plentiful (fig. 30 C) and leads to a multiseriate, though slender, 
thallus, occasionally with a slight differentiation in size between 
central and peripheral cells. Rhizoids, which often develop in con- 
siderable numbers from the lower cells, serve to strengthen the 
attachment to the substratum (fig. 30 G). 

Unilocular sporangia develop as embedded structures directly from 
the peripheral cells at and near the points of branching (fig. 30 A, D, 
E, v), while plurilocular sporangia are rare ((167) p. 9). Sporangia 
My develop in individuals which are still for the most part 
qe A feature encountered in most of the genera considered in 

2 owing RES 
of Ee With the more typical Punctariaceae in the lack 
SCH Se © differentiation among the cells and the immersed 
ment and b € sporangia. Several genera exhibit a surface-develop- 

etray a considerable degree of parallel with the Ulvaceae. 

1 


‚The rel SE 
distingui an genus Xanthosiphonia ((7) p. 112, (122) p. 159, (257) p. 28) is 


SPorangia to 5 D. sims branching and restriction of the plurilocular 
Central sterile c ga branches in which they form a complete envelope to the 
cells. Unilocular ones are unknown. 


Faij 
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The leafy thalli of Pur 
which usually grow In 
P. latifolia ((95) pl. 8), 
fronds, which may reac 
stalk terminating In à 


ıctaria (649) p. 70, (239) P- 334, G&) p. 
tufts, are almost exact replicas of Ulvas 3)! 
a frequent annual lithophyte, the olive-brs à 
h a length of 40 cm., taper into a short Slends | 


basal attaching disc (fig. 32 C). The ra} \ 


| 
i 
Kt 


Fig. 30. Phloeospora brachiata Born. (after Kuckuck). A, part of a plant 
with unilocular sporangia; B, young vegetative thread; C-F, transve® 
sections of thallus at different levels, in F passing through a branch; G, Je 
of an older plant, with endophytic rhizoids (e). a, apical parts of branchés f 


br, branch; l, regions of commencing longitudinal division; t, unilocu M 
Sporangium. d 


| 
d 
| 
P 
| 


thallus consists of up to seven layers of cells (fig. 31 L), of which i | 
inner are often longer than the outer (@o3) p. 72). At certain pol 
the superficial cells grow out into colourless sheathed pairs ( i 
forming tufts which often appear slightly immersed. The embed? 1 


1 d 
Agardh (8) groups the Species of Punctaria into several genera (c£ € 
P. 155), which have not met with general recognition. 
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| 


of a Le 
transver | 
1; G, bas | 
ei: f 
branch I Fig. 31. A, B, I, K, Desmotrichum undulatum (J. Ag.) Reinke; A, young plant 
i derived from the swarmer of a plurilocular sporangium; B, plurilocular 
Sporangia in erect thread of same; I, transverse section of mature thallus, 
With the two kinds of sporangia; K, habit. C-H, L, Punctaria latifolia Grev. ; 


unilocus 


which th ©» Progressive stages in the development of the mature thallus; H, plethys- 

in pom“ mothallus with dehisced plurilocular sporangia and a young thallus; L, trans- 

hairs (i) à A Section of mature thallus, with the two kinds of sporangia. b, basal and 

mbed DG sie inem h, hair; p, plurilocular and u, unilocular sporangium; 

| | Thur oid; t, developing thallus. (A, B after Kylin; I, K after Reinke; L after 
(cf. @# et & Bornet; the rest after Sauvageau.) 
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e unilocular ones (u) differentiating wh 


yered and becoming immersed b en the 


ia form sori, th 
sporangi Y Au 


is only two-la ; : 
DRESS of the surrounding cells, while the plurilocular ones d 


develop later and project slightly above the surface. The sori d 


; r sporangia, in particular, appear as dots to the naked e 
Ee stages (@39) P- 338) ee SES unbranched Uniseri 
filaments arising from a creeping base (fig. 31 C). Longituding 
division leading to surface expansion soon commences (fig. 31 Da 
although apex and base remain uniseriate. The basal part soon becomes 
overgrown by rhizoids (cf. fig. 31 H, 7) produced from the lower cell, 


Marginal hairs (fig. 31 G, h) appear before the superficial ones, 


Fig. 32. Habits of A, Omphalophyllum ulvaceum Rosenv.; B, Phaeosaccion 
Collinsii Farl.; C, Punctaria latifolia Grev. (A, B after Rosenvinge; C after 
Thuret & Bornet.) 


Forms having the same essential structure (fig. 31 I) but possessing 
a ribbon-shaped thallus (fig. 31. K) are often placed in a separate genus 
Desmotrichum (@o) p. 17, (158) p. 43, (198) P- 55, (258) p. 5; incl. Rhabdino- 
cladia(:48)). The young stages of D. undulatum (fig. 31 A), a sale 
epiphyte found near low-tide level, show evident heterotrichy (09 | 
P. 36, (196) p. 111), the prostrate base (b) producing a few hairs (h) and 
a number of erect uniseriate threads (t) bearing one or more apical hails. 
In cultures these threads may form plurilocular sporangia (fig. 31 D 


and such stages recall the alga described as D. balticum Kütz. ((86) P: 3? 


(199) p. 15) in which the filaments 3 fongi 
; come ‚though showing considerable lon 
CHE Sep us in later stages, do not exceed a centimetre in heil! 
= eon urilocular sporangia either in an intercalary position 07 ® 

EEE This is possibly but a precociously fertile juv 


0saccion 


; C after E 


ssessing E 
e genus 4 
abdino- 8 ` 
a rare M 
y (sl E 


(h) and 
al hairs. 
, 31 B); 
6) p: 3) 
e longi: 
| height 
yn oF 8 


juvenile 


‘the thal 
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3 cf. (152) p. 38). Lund (Gë p. 34) records struc- 
stag of D. Geen e Your on certain individuals of D. balticum. 
S me tarctic Corycus (017) p. 3, (257) p. 31, (261) p. 35) has a club- 
The us which is solid below and hollow above. In other respects 
dër, Punctaria. - - ; 

Ilel between Punctariaceae and Ulvaceae is also illustrated 
he Pici (@5), (62), (202) P. 874), which has a tubular thallus 
by D a that of Enteromorpha (fig. 32 B). The wall of the tube is 
ed of a single layer of cells, each with a lobed chromatophore. 
OBER: ilocular sporangia are commonly formed only by a single 
The P SC the vegetative cell. In Omphalophyllum (Geo) p. 872; fig. 32 A) 
he is probably at first a hollow sack, which later tears open 


irregularly (cf. Mi onostroma). 


The early stages of Litosiphon (sei, 160) p. 66) pusillus (Ko) pl. 270) 

semble an unbranched Phloeospora. (fig. 33 F, J), but there is a 
Ze degree of ultimate differentiation, since the central cells are 
aah larger (cf. fig. 33 D, a) than the peripheral ones which contain 
the bulk of the chromatophores. Hairs occur scattered over the 
surface of the thallus (fig. 33 A). The immersed sporangia cover 
considerable areas (fig. 33 A), the plurilocular ones developing before 
the unilocular (&52) p. 26, (239) p. 352). The basal parts continue to 
elongate after the upper have become fertile. Theunbranched filaments 
of L. pusillus are frequent on Chorda filum, often covering the latter 
in late summer. 


In L. filiformis (Reinke) Batt. (Pogotrichum filiforme Reinke (108), (x09), 
(139) p. 360, (200) p. 62, (202) p. 869), an epiphyte on Laminaria (fig. 33 E), 
the central cells are exceptionally large (fig. 33 D). Kuckuck (39), (146) 
found plurilocular sporangia arising directly from the prostrate system, 
individuals exhibiting this phenomenon commonly failing to produce 
erect threads. 


Stictyosiphon (incl. Cladothele Hook. & Harv. (173)) differs principally 
in the extensive ramification of its thallus; the numerous branches end 
in colourless hairs. S. tortilis Reinke ((Goo) p. 48, God) is found on 
diverse substrata in the littoral and sublittoral regions. Rosenvinge 
Leet p. 4) describes the basal disc (fig. 33 H) as parenchymatous and 
ee of large quadrangular cells arranged in vertical rows. The 
RM of the erect thallus (fig. 33 B, C) and the arrangement of the 
Rn Na organs does not differ in any appreciable respect (G39) 
EE ox that of Litosiphon filiformis. In S. soriferus (Reinke) 
the Po P. 95. Kjellmania sorifera Reinke? (198) p. 59 (199) pl. 3) 
d Se are either embedded (fig. 33 1) or form projecting sori. 

n be little doubt that the genera Litosiphon and Stictyosiphon 


* Oth T 
p. 208): s. DOnyms included by Rosenvinge are: S. Corbieri Sauv. ((a39) 


Levring (agentes Kuck. non Kütz. ((147) p. 81; cf. also (64) p. 156). 


istinct Se 71, (162) p. 53), however, holds that Reinke’s form is a 


Tesch.) RENS that Rosenvinge's S. soriferus is a form of S; subarticulatus 
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ed 


Fig. 33. A, F, J, K, Litosiphon pusillus Harv.; A, part of an old plant with 
plurilocular sporangia; F, young stage; J, same with unilocular sporangl 
K, germling from swarmer of plurilocular sporangium. B, C,H, Stictyosiphon 
tortilis Reinke; B, longitudinal and C, transverse sections of vegetative tha = 
H, vertical section of basal stratum. D, E, Litosiphon (Pogotrichum) filiform 
(Reinke) Batt.; D, transverse section with plurilocular sporangia; E, hab! ; 
fertile plant. G, I, Stictyosiphon soriferus (Reinke) Rosenv.; G, base of plant 


I, thread with unilocular sporangi i ` tem; c, comes 
-e, erect thallus; A, hair; m nn cell), Dasal eye 


: thizoid. (A, E after Kuckuck; F, J, K after Sauvageau; the rest after Rosen: E 


plurilocular and u, unilocular sporan 


vinee) 


gium; f. 


int with 
orangia; 
yosiphon 
thallusi 
filiform 
habit of 
of planti 
“cortex 
tom: 
r Roseni 
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d, although Kjellman (si pp. 201, 208) placed them 
t s on the grounds that in the former intercalary 
at the base, whilst in the latter it persists longest 
divis 
below the apex. 

Asperococcaceae 


. ı (Phyllitis) and Scytosiphon, while showing essentially the 
P wie UR differ from the genera above discussed in the 
same t hich the reproductive organs are borne. Petalonia Fascia 


manner in wile 5 AME : 
2. maia (Müll.) Kütz.; P. caespitosa Le Jol. (281) p. 9; 
(Phy e | has undulate, greenish or olive-brown 


in Fascia (95) pl. 45) 
nisch m reach a length of 30 cm. and are narrowed basally 


into a short flattened stalk (fig. 34 A); it is usually found near low- 

ter mark. Sections ((58) p. 265, (195), (st) p. 110) show a central 
Zb (fig. 34 E, m) of large and somewhat elongate, colourless 
cells, interspersed with hyphae (hy), and a cortex (c) of small cells. 
The early stages (fig. 34 F) are of the usual heterotrichous type; those 
described by Yendo (297) are probably pathological. 

Scytosiphon Lomentaria (Chorda Lomentaria Lyngb. (9s) pl. 285), 
common in rock-pools between tide-levels, has narrow unbranched 
fstular thalli, up to 50 cm. long, with occasional constrictions and 
gradually tapering at base and apex; they generally grow in tufts 
(fig. 34 G), in which smaller individuals showing little or no con- 
striction are intermingled with the larger ones. The mature thalli 
Dag. 334, (199) p. 17) originate from the primary heterotrichous stages 
(fig. 34 B, C) by longitudinal division of the erect threads (cf. also 
Gil, each of which terminates in a hair. Later similar hairs arise in 
a lateral position (fig. 34 B); in the mature thallus they may occupy 
pits (es p. 34) like those of Colpomenia (p. 111). As the fronds 
enlarge, the central cells undergo marked increase in size (fig. 34 D) 
and produce a long-celled medulla (m), while the peripheral ones 
divide abundantly to form the 1-2-layered photosynthetic cortex (c). 
The subsequent separation of the medullary cells fails to occur at 


, fairly regular intervals, where the central hollow is interrupted. 


sore Petalonia and Scytosiphon produce only plurilocular sporangia, 
ae formed by outgrowth of the superficial cells over con- 
Ore e areas. In Petalonia (fig. 34 E) the densely packed sporangia 
SC D 4-6 rows of compartments, while the sori of Scytosiphon 
E Us ) are interrupted by occasional large, ovoid or pyriform cells 
a) which overtop the sporangia (/). 

drical ae (Os) pl. 25) is a sublittoral epiphyte with cylin- 
ERES li 8: 35 À) reaching a length of 50 cm. The commonly 

ranches (sometimes in whorls of three) taper to either 


extremit i Ee 
y and, in the fruiting condition, usually show a transverse 


1 4 
Setchell and Gardner ((256) p. 535) use the name Flea. 
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104 ; 
i i fig. 35 D 
\ to the sori of unilocular sporangia ( g. 35 D, u); 
o in a hair. Longitudinal septation of the tia | 
pee nt (fig. 35 B) sets in atan early stage ((153) P- 16), but intercalan M 
ame g. for a long time in the subapical region (m). Th 


th continues : : 
thee central cavity (fig. 35 C) in the mature thallus is usually sur. M 


Fig. 34. A, E, F, Petalonia Fascia (Müll.) Kuntze; A, habit; E, periphery | 

transverse Section of thallus, with plurilocular sporangia; F, young plants. | 
=D, G, Scytosiphon Lomentaria (Lynbg.) Ae: B, older and C, young M 

germlings; D, periphery of transverse section of thallus with a sorus; G, habit 

a, paraphysis; b, basal and e, erect systems; c, cortex; h, hair; Ay, bag, 

m, medulla; p, plurilocular Sporangia. (A after Thuret & Bornet; » 

F after Kuckuck; the rest after Taylor.) 


pounded Sy eal) ae layers of cells ((200) p. 50). The sessile unilocult | 
porangia (fig. 35 C, D, u) are i : i i Jar para | 
physes (a) and heirs (b). ) are intermingled with unicellular P | 
l Ine projecting sori of certain allied genera multicellular assim! 
ators are associated with the sporangia. One of the simplest of thes? 
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) p. 311, (m), (64) P- 292, (86) p. 41, (141), (219) P. 269), 


ab &d ig ween D barely depart from the filamentous condition 

rima some ome species are minute epiphytes (fig. 36 I, m), which SE 

SE (fig: 36 D). entimetres in length and form dark, olive-brown, rather 

» The exceed 4 fer elavaeformis ((5) pl. 101), not uncommon on Scytosiphon 
s 


Fig. 35. A-D, Striaria attenuata (C. Ag.) Grev.; A, habit; B, germling; 

» transverse section of mature thallus, with sporangia; D, external view of 
thallus, with sori. E, Isthmoploea sphaerophora (Carm.) Kjellm., transverse 
Section of thallus, with young plurilocular sporangia. a, paraphysis; b, basal 
System; e, erect thallus; 7r, hair; m, meristem; p, plurilocular and u, unilocular 


‚Porangium; s, sorus.: (A after Newton; B after Kylin; C, D after Reinke; 
after Jónsson.) 


Lomentaria and other Algae, has a somewhat club-shaped axis (fig. 36 


a i i H . . g z 
cal ) Which is capped by a hair and is uniseriate below, where inter- 
ary division 


jloculat assimilat continues for some time. Short, sometimes whorled, 

p part | occur bL (a), intermingled with occasional colourless hairs (A), 
ar ee s AA. 

8e numbers; in rare instances one of the assimilators 


develops į 
ound ae à branch. The uni- dnd plurilocular sporangia, generally 


distinet individuals, arise directly (fig. 36 B, C) from the 
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Fig. 36. Myriotrichia, A-C, I, M. clavaeformis Harv.; A, single A 
enlarged; B, C, parts of plants with unilocular sporangia; I, plant hb 
natural size, on Scytosiphon (s). D-H, M. repens (Hauck) Karsak-; p) 
of a thread with two zones of hairs with plurilocular sporangia; £, ^ e 
of two such zones; G, part of a thread with unilocular sporangia; P^ |, 
Stratum, with sporangia. J, M. filiformis (Griff.) Harv., swarmer fro of 
Jocular sporangium. a, assimilator; c, chromatophore ; h, hair; 4 inter A 
n, node; p, plurilocular and u, unilocuiar sporangium; s, stigma. 
Newton; the rest after Kuckuck.) ; 


d 
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ea 


Is, being either scattered or arranged in ill-defined 
According to Kuckuck (Ga) p- 73) assimilators may 

per lacking in plants bearing plurilocular sporangia. Both 
]toget "and M. repens unilocular sporangia are sometimes 


2 \aeformis an 
in M. Ze on the prostrate system (fig. 36 H; G12) p. 443, Gar) 


pP: 61, 7: di threads of M. repens (Dichosporangium repens Hauck 

The ere 8) p. 337, 24°) P- 51) show litle or no longitudinal 
(19) P: Ss 36 D), although there is differentiation into short nodal 
ED bearing hairs (A) and sporangia (cf. also fig. 36 E, F), and 
m (o) modal cells (7). Longitudinal division, when it occurs, is 


lly confined to the nodes. 


Sauvageau ((240) P- 78) regards the Mediterranean M. Protasperococcus 
Berth. Da) P- 65), an unbranched form with sporangia in well-defined 
annular zones, aS the type of a distinct genus, Protasperococcus. The 
little-known Buffhamia (@2) p. 307) will perhaps find a place among this 
series of forms. 


Isthmoploea sph 
sphaerophorus Car 


usua 


aerophora ((68), (96) p. 129, (114), (200) p. 45; Ectocarpus 
m. (95) pl. 126), a small epiphyte with opposite or 
whorled branches found on diverse Red Algae between tide-levels, is 
usually classed with the forms under consideration. Longitudinal 
septation is sometimes confined to the basal parts and varies in extent. 
The sessile unilocular sporangia generally project in opposite pairs, 
while the plurilocular sporangia (Gu) p. 163) are immersed among the 
superficial cells (fig. 35 E, p); there are no paraphyses. Isthmoploea 
shows points of contect with certain Punctariaceae. 


The tendency to form a hollow thallus reaches its extreme in 
Asperococcus (ar), (151) p. I5, (798) P. 53, (199) P- 7, (210), (281) p. 16), 
in which the plants are usually sack- or bladder-like, with occasional 
irregular constrictions (fig. 37 A). The wall consists of only a few 
layers of cells, of which the outermost are the smallest (fig. 37 D). 
The sori, appearing to the naked eye as dark dots irregularly scattered 
over the surface (fig. 37 A, s), include numerous 2-3-celled assimilators 
(fig. 37 D, a), intermingled with long hairs (h) of the customary type. 
The two kinds of sporangia are sometimes found in the same sorus. 
ane two commonest. species are A. fistulosus Hook. (A. echinatus 

ee (os) pl. 194) and A. bullosus (fig. 37 A; A: Turneri Hook. (os) 
P^ 11), both of which frequently attain to considerable dimensions; 


3 th RN: : i R 

singe f ae occurs in tide-pools, while the latter is found in the 
de. D, hos m region. The minute A. scaber (140) lacks the usual central 
E, F, de ; the axis being occupied by four large medullary cells (fig. 


a ELS (fig. 37 C) plurilocular sporangia have also been 
(9) p. 51) E) SIGNA from the compact prostrate system («39 p- 376, 
cf. also (283) 1e germlings are of the usual type (52) p. 42, @39) p- 363° 
the st : a 79). Impoverished forms, which scarcely get beyond 
y filamentous stage (fig. 37 B, E), are not rare. EE 


Haridwar = V 
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Fig. 37. Asperococcuss A, D, A. bullosus Lamour. ; the rest A. scaber Kuck. 
A, habit; B, E, young stages; C, basal stratum with plurilocular sporangia 
and base of an adult plant; D, peripheral part of a transverse section, with 
sorus of unilocular sporangia; F, section of young thallus, with plurilocular 
sporangia. a, assimilator; b, basal system; c, chromatophore; co, cortex 
e, erect thallus; A, hairs; m, medulla; p, plurilocular and u, unilocular 


sporangium; s, sorus, (A after Th ; ; the rest 
gro REN uret & Bornet; D after Bornet; t 


Encoeliaceae (sensu Oltmanns (182) p. 66)! 
Soranthera ulvoidea ((16), (88 
western shores of North 
Asperococcus. The mature 
lobed, vesicles (fig. 38 B), 


1 An altogether artificial asse 
are grouped differently by oth 


) p. 19), an epiphyte on Florideae on the 
America, shows many resemblances H 
Plants are hollow, sometimes irregular 
reaching a diameter of 7 cm. and with 4 


ers (cf. e.g. (256) p. 522 et seq.). 


. CC-0. In Public Doma 


mblage (cf. (232) p. 326), the members of which 
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cells (fig. 38 D, w); the young plants are solid 
wall of cs en is Med py a system of threads, some of 
(fig. 3 SE endophytic ((«6) p- 485, (147) p. 86; cf. however (to)). 
which (e) d sori (fig. 38 B, s) of unilocular sporangia (fig. 38 D, u) 
The scattere ed with numerous clavate assimilators (a). The sporangia 
are inters Pe round a central tuft of hyaline hairs (4), commonly 
are E the base of a depression. It is this approximation of 
situate: 


Fig. 38. Soranthera ulvoidea Post. & Rupr. A, vertical section of young stage; 
B, habit of mature plant; C, gametophyte; D, periphery of transverse section, 
With sorus. a, assimilator; c, central cavity; e, endophytic filaments; g, 
gametangium; A, hair; ho, host; s, sorus; u, unilocular sporangium; w, wall 


of vesicle. (A after Kuckuck; B after Kjellman; C after Angst; D atter 
Setchell & Gardner.) 


eura and hairs that essentially distinguishes the forms now under 
cussion. 


„The irregularly lobed and often sinuous vesicles of Colpomenia 


Stntiosq. (fig 


Gien ac 39 A) are not unlike a Leathesia in appearance; older thalli 


F open irregularly. This seaweed is widely distributed 
Seas, but early in the present century another form, of m 
ae and less sinuous, became naturalised on the Atlan 
d (cf. 49), (D, (60), (57), (223), (25) p. 19 and ( 
terature is summarised). According to Sauvagea 


Onstitutes a distinct variety (var. peregrin agr 
ES E Fe ES < 
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respects with specimens described Don the Pacific ¢ 
North ERO whence he believes the European form to have p : 
introduced Its rapid multiplication has caused considerable dim n 


: à 
to the French oyster-beds (221), when filled with gas as a result i 


Fig. 39. A-D, F, G, I, Colbomenia sin 
B, early development of 
In transverse section an 


uosa (Roth) Derb. et Sol.; A, habiti 
cryptoblast (c) from the surface; C, D, later stagh 


d surface view respecti ` i DH 
Ge à pectively; E, section of sorus; 
en, BB in section; I, early en E, H, Hydroclathrus 
tases ed y e et an older plant; H, section of a sorus. c, ove 

> >J, Paraphysis (fuc e RRINE Gë ilocua 
sporangium. (A, E, H after eat ehe 
Sauyageau.) í à 


Oast of 


T 
F after Boergesen; the rest ail 


hoto: 
them 

Th: 
the 4 
Acco! 
creep 
evide! 
Killia 
cells € 
thallu 
grow! 
((@32) 
in th 
inter! 
recep 
arisir 
the s 
var. | 
the n 
of th 


Ac 
beco 
the ] 
from 
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hesis, the often large d lift the young oysters and carry 
3 ) p- 36). 

M Ee o described by Mitchell (169), while 
Th mature © the early development are somewhat conflicting. 
| the accounts Sauvageau ((232) P. 339) certain cells of the primary 
s filaments divide to form clusters (fig. 39 I), from which, 
much as in Soranthera, the young globular thalli originate. 
Dee d Werner (13) P- go), on the other hand, state that it is 

| Klar = rect threads that divide by radial walls to form the mature 
x ie M "tbe large central hollow arises as a result of extensive surface- 
i D flected by repeated crosswise division of the superficial cells 
| | ou E ) Colpomenia possesses only plurilocular sporangia which, 
i (eS water form, usually constitute dense sori (fig. 39 F), 
\ | 1 ermingled with unicellular paraphyses N functioning as fucosan- 
| d entre of the sorus is occupied by a tuft of hairs (A) 


ETES 


> s; the c 
s ' en an often ill-defined depression. As the sorus develops, 
À | the surface-pellicle (cuticle, cu) is lifted and ultimately burst. In 
t E var. peregrina the association of sporangia with the depressions is for 
N | the most part fortuitous, most ofthe sori arising quite independently 
À d of them (cf. also (3s) p. 262). 
à I ` According to Mitchell (169) the hairs are superficial outgrowths which 
RU | Become sunk owing to abundant division of the surrounding cells. In 
SCH | the French form (var. peregrina), however, they originate ((232) p. 329) 
Ce from cortical cells surrounding a small intercellular space (fig. 39 C), 
D which at first communicates with the exterior only by a narrow gap 


between the superficial cells (fig. 39 B, C, c). This space arises prior to 
the development of hairs and enlarges by division of the surrounding 
cells (cf. fig. 39 G). 

Hydroclathrus cancellatus Bory (G69), (ss) p: 727, @65) p. 23, (277) 
P: 110), widely distributed in tropical and subtropical seas, is dıstin- 
guished by the reticulate perforation of the older thalli (fig. 39 E). 
pecans to Boergesen (Gz) p. 178) interlocking rhizoids may grow out 
(fi Sr? bounding some of the narrower perforations. Sporangia 
in SE oe to occur principally on the younger unperforated 

d w SS they cover a large part of the surface. 

Rosen sen er of this series is Iyengaria stellata Boerg. (69) p. 91; 

E DURER Boerg. Ga), forming extensive communities above 

jections which in tropical India; the thallus is provided with pro- - 
give it a somewhat stellate appearance (cf. also. (103), 


Pp. $05). 
abit; diff PETS 
A (169) p, GE pa bit is shown by Chnoospora (4), (5) p. 170, (17), (Gs) p: 263; 
15; Gi (especially ae 5 728), which is apparently confined to warmer seas 
athrus evidently es acific). Kuckuck (G47) p. 83; cf. also 56) p. 552) 
P tomously md to refer it to a separate family. The small, dicho- 
oc i ched thalli (fg. 40 A) bear numerous prominent tufts of 


airs which 
The th ‘merge from often barely indicated depressions (fig. 40 E). 


- after 
alli a 
"© composed of a number of layers of cells (fig. 40 C) and 
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grow by means of a subapical meristem (fig. 4o B, m), Plug 
sporangia form dense sort (fig. 40 D, p), often aggregated a E ] 


tufts of hairs (4). Skottsberg's Cladochroa (61) p. 42), recon 
the Falkland Islands, has a similar habit and structure, but pr 
unilocular sporangia. The North Pacific Myelophycus (120), Gi Odi! 

(256) p. 527) is at present imperfectly known. P. 2 | 


Fig. 40. Chnoospora. B, E, C. obtusan, e 
spora. B, E, C. gula (Harv.) Sond., the rest C. fastigia! 

Is ut pacifica J. Ag. A, habit; B, longitudinal section through apex¢}_ 

Plant; C, the same, farther back; D, the same, with a sorus; E, the same, wit! 


a cryptoblast. h, hair; m, meristem: luril i Edi 
3 3 » d ; 
Kuckuck; the rest after Boergesen.) MR TURN f 


esse 


Dictyosiphonaceae | 
e Ectocarpales hitherto considered for the most f. 
it diffuse growth, although in older plants cell-division is som 


times largely confined to a su : B .r 
Si 2 prabasal (Scytosiphon, (106) p. I iE 

à An or subapical position RARE PS Diver a 
b SE onaceae, on the other hand, possess apical growth, effet! oi 
He) E apical cell (fig. 41 F, ac), the segments (s1, 5%") - sec 

ch, as they enlarge, divide longitudinally ; Kuckuck a ma 


ot 

Se Km D 100, (147) P: 87, (72) P- 4) have, however, emphasis 5 
There is tinere division occurs in the older parts. à 

EE E ru that, as in Spermatochnaceae (p. 9o), the api 

M "e derived from a trichothallic mode of gf" 
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a 
n? 


ET 


a 


SÉ Dietyosiphon foeniculaceus (Huds.) Grev. A, habit; B, small part of 
germlings pace with an embedded sporangium; C, zoospore; D, E, two 
Soer region: epee nel section through apex of thallus; G, ditto through 

; H, early stage of development; I, small part of longitudinal 


z Secti : 
n onne hypha-development; J, transverse section of an almost 
» hair; hy lv n axial cells; ac, apical cell; c, central cavity; co, cortex; 
u, Unilocular E €; p, chromatophore; sz, s2, etc., segments of apical cell; 
duyageau; neun: (A after Taylor; E after Kuckuck; D, H after 
est after Murbeck.) à 


FA ij 


" 
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Thus, young plant 
with the usual ba: 


s of Dictyosiphon foeniculaceus bear an apical hai 
sal meristem (fig. 41 E, H, A). According 4 


; ir ari ly stage, but ; pi 

) p. 259) this hair arises at an early stage, but it cl, 
SR ue: of the underlying portion (fig. 41 H), NS " 
n oC from transverse division of the hemispherical cell (ac) at il pl 
resu later the hair is shed, and the apical cel] OCCUpie Be 


it. Sooner or 2 à 
E Qual tip (fig. 41 H, D, ac). The apical hair suggests affinity wil | 


certain Punctariaceae, with ‚which there are also other points M 
resemblance. The thalli in this family bear only unilocular Sporangi M 

The species of Dictyosiphon (1) p. 26, (46), (72), (198) p. 63) are M 
littoral epiphytes or lithophytes. D. foeniculazeus ((os) pl. 326) a | 
slender form attaining a length of half a metre (fig. 41 À), is richly 
branched, while D. Chordaria Aresch. shows little ramification, The | 
structure of the mature thallus recalls that of Litosiphon Or Stictyp. | ` 
siphon, although showing rather more differentiation. In the younger | 
parts the axis is occupied by four elongate cells (fig. 41 E, G, a) which 
are surrounded by layers of progressively smaller ones (co), the outer. M 
most containing discoid chromatophores ; some of these grow out into | 
hairs (A) of the usual type. Most of the mature thallus is hollow 
(fig. 41 J), owing to separation of the axial cells which ultimately | 
disorganise, but the upper parts of the branches and the extreme base | 
of the plant remain solid. The peripheral layers originate by tan: | 
gential division of the surface-cells. The inner cells have large pits M 
on the transverse and longitudinal walls. Hyphae arise chiefly from | 
the peripheral cells (fig. 41 I, hy) and mainly in the older parts, often | 
appearing in the basal regions of the larger branches and penetrating | 
from there into the main axes. 

The numerous large sporangia usually develop singly ((72) p. 2j) _ 
from superficial cells, but subsequently. become embedded (fig. 41 
B, u) by division of the surrounding cells. 


se 


The alga known as Gobia baltica ((23), (198) p. 65 ; Cladosiphon balticu | 


Gobi (89) p. 12, (81), with a little-branched thallus (fig. 42 B), appt | d 
to be a depauperate form of D. Chordaria ((s9), (162) p. 57, (392) ; P B 

In Scytothamnus ((6) p. 60, (92) p. 219, (101), (261) p. 33), the species! | Hi 
which occur in the Southern Hemisphere, the apical growth is less E th 
welldefined. In S. australis the tip of the thallus (fig. 42 D) is occupied E © 
by a group of apical cells ((79), (147) p. 90, (257) p. 48), while in S. ml | gi 


(61) p. 34) there appears to be only one. The elements of the cent? u 
tissue are widely separated by mucilage (hg. 42 D, E, m), which ` if 


traversed by numerous hyphae. The large sporangia occupy the same w! 
position as in Dictyosiphon (fig. 42 E, u). su 

Delamarea attenuata (Kjellm.) Basen. ((202) p. 865 © Physematopla BU 
attenuata Kjellm. (18) p. 60), first described from the Arctic but pis af 
found at Heligoland (aa p. 246), is probably a related form: m n 
sporangia are embedded amid numerous unicellular assimilators V ; th 


arise from the cortical cells. 
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DICTYOSIPHONACEAE IIS 
al ha} : ) p. 87, (192), (205) p. 160) is commonly referred to 
E hair Goine (Orr, E. account of the mode of arrangement of the 
t d E Dietyos!P (fig. 42 F, u), although Setchell and Gardner ((256) p. 577) 
wéi sporangia a family by itself. The early stages ((147) p. 88) afford no 
) at i Boece of a distinct apical cell and the growth appears to be largely, 

e 
Cupies = 
LY with 
ints of 
rangia, iy 
03) are 
326), a | 
| richly | 
n. The | | 


'Lictyo. | 
Ounger | 
which p 
Outer. M 
ut into M 
hollow 
mately | 
ne base M 
y tan: | 
ge pits 
y from M 
3, often 
trating | 


IER 
fig. 41 M 


" d FA 
baltias M E ae NOS AS 
appeals ru 42. Diverse Dictyosiphonaceae. A, C, Coilodesme californica (Rupr.) 
j. : SIR A, group of young plants; C, surface view, with unilocular sporangia. 
ccies D ee ia baltica (Gobi) Reinke, habit. D, E, Scytothamnus australis (J. Ag.) 
A 


. f. et Harv.; D, longitudinal section through apex; E, the same through 


is less M / 
in an SE thallus, with sporangium. F, Coilodesme bulligera Strömf., longi- 
cup in retire u; with sporangia. a, assimilators; ap, aperture above sporan- 
hirsu E ?, mucilage; u, unilocular sporangium. (A after Setchell & Gardner; 
centri er Gobi; the rest after Kuckuck.) 
hich 5 if n 9 
ot 9 o 
esme | whieh one? diffuse. The usually unbranched thalli (fig. 42 A), 
E SSC a reach a considerable size, include a large cavity which is 

a Sem by à few layers of cells; the basal stalk remains solid. 

t la in 
A The aperture x are completely immersed (fig. 42 F, u), only a narrow 


Upgrowth a 42 C, ap) remaining above each. This is due to the 
e cutee the peripheral layer of usually 3-celled assimilators (a), 
St cells of which meet to form an almost complete canopy. 
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Fig. 43. Development and liberation of swarmers'in Ectocarpales. A, B, E e 
Pleurocladia lacustris A. Br.; A, delimitation of swarmers within the uniloculat d 0 
sporangium; B, earlier stage of development of same. C, D, I, Eco | jr 
siliculosus (Dillw.) Lyngb.; C, unilocular sporangium in transverse section, | fr 
with nuclei and chromatophores dispersed; D, the same in longitu i al 
section, peripheral disposition of chromatophores and nuclei; I, liberation’, | " 
swarmers from a plurilocular sporangium. E, K, Pylaiella littoralis V^ E 
Kjellm.; E, two unilocular Sporangia, in different stages of developmen, E 
K, liberation of swarmers from unilocular sporangia, a and b two success!” L 


r stages. F-H, Stictyosiphon tortilis Reinke, successive stages in developmé 


A of the: plurilocular sporangium. J, S. soriferus (Reinke) Rosenv., liberal 
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; a the sporangia are very irregular in shape and vary 
C. Re. 42 C). This species (fig. 42 A) is widely distributed 
ific coast of North America, whilst other species (e.g. 
ubarctic in their distribution ((199) p. 172, (203) p. 61, 


HE GENERAL FEATURES OF REPRODUCTION 


uation of the uni- and plurilocular sporangia has been fully 
d in the foregoing pages; they commonly arise in the same 
The details of their development are known only in a few 
forms (43) P. 150, (123) P- 98, (126) p. 349, (127) p. 312, (137) P. 360, 
(14s), (167) P- 10) @12)). The young unilocular sporangium has a large and 
conspicuous nucleus and the cytoplasm increases in amount until it 
completely fills the rudiment; a number of parietal chromatophores 
are usually present. The first nuclear divisions are no doubt as a rule 
meiotic (cf. p. 126), although there are certain probable exceptions 
(p. 137). For a time repeated nuclear division takes place, accom- 
panied by multiplication of the chromatophores; in Pylaiella Knight 
(126) p. 350) records a long pause after the quadrinucleate condition 
has been reached. 

During the earlier stages of division (fig. 43 B, C) nuclei (x) and 
chromatophores (c) are distributed throughout the cytoplasm, but 
subsequently they assume a peripheral arrangement (fig. 43 D, E), 
with the chromatophores (c) commonly in a profile position perpen- 
dicular to the wall ; at this stage the chromatophores are often elongate 
and sometimes more or less wrapped round the nuclei. As the 
sporangium matures, the contents once again acquire a more even 
distribution, and this is followed by cleavage of the cytoplasm into 
uninucleate portions (fig. 43 A), each including one or more chromato- 
phores; according to Kuckuck ((145) p. 164) the initials are sometimes 
separated by mucilaginous septa. At this stage a brownish red eye- 
spot (e), in intimate contact with a chromatophore (c), is recognisable 
In each initial. Chadefaud ((43) p. 151) states that the chromatophores 
In the initials of Mesogloea become constricted (fig. 43 L, N), the 
SC (s) arising on the outer surface of one half. According to him 
necne in Ectocarpales consists of an oblong colourless highly 
Zoe ve mass enveloped by pigment. Knight ((27) p. 312), in 


T 


The sit 
describe 
osition. 


of sw. n 
Dale e from plurilocular sporangium. L, N, O, Mesogloea sp.; L, two 
nn ae almost mature unilocular sporangium ; N, chromatophores 
almost mature M E M, Cylindrocarpus microscopicus Crouan, apex of 
m, mucilage; » nilocular sporangium. c, chromatophore; e and s, eye-spot; 
Sporangium : se EE b, pyrenoid; pl, plurilocular and t, unilocular 
ub J after À uu CENA (A, B after Klebahn; C-E after Knight; 
N, O after Chadera D tmanns; I, K after Thuret; M after Kuckuck; 
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II 

blepharoplast during all stages of sporangium-development (cf. a 
3 ^ 0 

(167) p. 10). 


f the sporangium are usually liberated thro 

1E Eyll Te a3 K); priat 3 dea 

all in this region develops a mucilaginous mi le layer (fi u 
M ne ih z of which causes rupture. Most of the OM id | 
usually extruded in a single group (fig. 43 K) enclosed Within a ti B 
mucilage-envelope (a), but release of the individual SWarmers i ! 
takes place, almost at once. Extrusion is often violent and affords | 
evidence of a considerable internal pressure (cf. also (280) P. 235) | 


Occasionally small groups of swarmers fail to separate from o 


The contents 0 
apical aperture (latera 


another. The cell below the sporangium may grow into the em 
cavity and form either a new one or continue as a vegetative thread | 

The swarmers (fig. 43 O) are haploid and as a general rule behave | 
as asexual zoospores; they show the characteristic features of th | 
motile cells of Phaeophyceae (p. 40) and contain one or Several | 
chromatophores. They are often markedly phototactic (su P3 
(152) p. 11; cf. however (1) p. 329). Certain species (e.g. Ectocarpus | 
tomentosus (209), (217) p. 360; E. granulosus (145) p. 175; Pylaiell | 
fulvescens (37)) produce zoospores of specially large size which often 
show little motility, apart from amoeboid movement. 

After swarming for some time, the zoospores, in some species of 
Ectocarpus, become attached with the help of a sucker-like enlarge. M 
ment formed at the tip of the anterior flagellum ((27) p. 404, (152) n. 10), 
By the gradual contraction of the latter the body of the swarmer is | 
drawn on to the substratum; this is followed by the withdrawal of the | 
other flagellum, rounding off, and secretion of a membrane, after | 
which immediate germination to form a filament ensues. It is not | 
known whether this method of attachment is frequent, and it seems | 
that the zoospores commonly settle directly on a substratum. In the | 
more specialised Ectocarpales the rounded cell formed from the f 
zoospore (embryospore, fig. 47 A) puts out a tubular prolongation P 
(fig. 47 B) into which most or all of the contents pass, after which the | 
prolongation is cut off by a septum (fig. 47 C); it is this cell which | 
or to produce the prostrate system of the gametophyte (fig. 47 | 

The plurilocular sporangia are generally more elongate than the 
mipan ones; those of Ectocarpus siliculosus become progressively 
aoe the season advances (G27) p. 310, &32). As a general rule 

© rudiment undergoes successive divisions by transverse septa, 20 | 
the tow of flat cells thus produced may constitute the matur | 
Hamas 8 Ah: SD many Myrionemataceae f 
al d ^ Commonly, however, longitudinal walls EC 
into quide SH hi Eu ino theiptimary en 
Gere a e 

» 4 y vertical septa so that as many as 24 cham 
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nt in the cross-section of the sporangium ; the degree of 
be pres“ robably often varies within fairly wide limits in one 
Dr r ecies. As a result of this regular septation the pluri- 
= SE usually possess cubical compartments of approxi- 
Pen size (figs. 31 L; 34 E). 
les septation of the developing plurilocular 
m seemingly ensues after each nuclear division, in con- 
ith division of the chromatophores. In Lithoderma (145) 
67), however, nuclear division is completed before any formation 
_ 167); occurs, while in Stictyosiphon tortilis ((x45) p. 164, (200) p. 49, 
of sept? o, as "Phloeospora subarticulata Aresch.) several divisions of 
(294) P. omatophores and of the nucleus may occur before the first 
E wre laid down (fig. 43 F-H). As Oltmanns ((182) p. 72) points 
SEP such sporangia in their development show appreciable approxi- 
TA to the unilocular type. According to Knight (G27) p. 310) 
the young plurilocular sporangium of Ectocarpus siliculosus possesses 
dense cytoplasmic contents and reduced chromatophores; a probable 
blepharoplast-granule is recognisable during the later divisions. 
Dehiscence of the plurilocular sporangium (@80) p. 234) is com- 
monly at least effected by a single apical aperture (fig. 43 I); the septa 
between the individual compartments disappear completely (Stictyo- 
siphon tortilis) or only the central region is dissolved. The swarmers, 
produced singly from each compartment, pass out in a slow stream 
or in a series of bursts (668) p. 542) through the apical aperture 
(fig. 43 I), a method of liberation contrasting with that observed in 
the unilocular sporangium (cf. also (6) p. 218, (280) p. 233). In 
Zosterocarpus (G21) p. 186), Castagnea, Lithoderma, and certain species 
of Ectocarpus, however, each compartment of the sporangium opens 
separately to the outside (cf. also fig. 43 J). No septa are formed in 
conjunction with the later divisions of the plurilocular sporangia of 
Heribaudiella (fig. xo B), so that each of the primary compartments 
furnishes a number of swarmers (fig. 10 C); the latter are stated to 
lack chromatophores in the mature condition ((78) p. 587, (79) p. 908). 
. As already mentioned, the plurilocular sporangia of Ectocarpales 
include structures of diverse nature. Those found upon diploid 
individuals, also bearing unilocular sporangia, produce diploid 
racers which constitute an accessory method of multiplication of 
ihe pue Such diploid accessory swarmers either reproduce 
EE = n direct or give rise for a period to dwarf ectocarpoid 
nerd Ze ucing by diploid plurilocular sporangia (cf. p. 132). 
onally they germinate directly within the sporangium ((168) 


sporang! 


P. 543). The haploid swarmers from the unilocular sporangia produce. 


. Ge are either identical in form with the sporophytes 
A y are represented by minute filamentous stages. The 
are gamet sporangia, borne upon the haploid gametophytic stages, 

angia which form haploid gametes. The zygotes directly or 
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indirectly (p. 133) prod 


) produce the new diploid phase. Although ther 
are diverse exceptions a 


nd the full life-cycle has only been follow 


in a few species, the preceding statement probably applies to may ( 
les. i 3 | 
NI ben of the order appear to be morphologically isogamoy à 
and monoecious ((23) P. 15 3), although Ectocarpus stliculosus ig Usually M t 
dioecious (cf. however (45) p. I 57) with distinct male and female b 
strains, Goebel ((82) p. 179) reported an altogether isogamous sed : 


fusion in Ectocarpus globifer Kütz. (as E. pusillus Kütz.), but this faa 
never been confirmed, and it is probable that physiological anisogamy 

is the rule. The sexual process of E. siliculosus, first described by | 
Berthold (7) and often since corroborated ((89), (90), (14s) p, 156, D 
(181), (2x6), clearly demonstrates the sharp degree of differentiation, | 
Despite the morphological identity of the two kinds of gametes, the | 
female move less actively and for a shorter period ((90) p. 128); the | 
come to rest on the illuminated side of the containing vessel, attaching | 
themselves, like the zoospores, by their anterior flagellum. Each such | 
passive female swarmer (fig. 44 B, f) becomes surrounded by numerous | 
gametes (m) of the opposite sex which, still showing vibrating move. | 
ments, in part at least fix themselves to the former by their forward | 
flagellum. Soon the anterior flagellum of one of the male gametes | 
contracts (fig. 44 C, D) so that its body is brought into contact with | 
that of the female, after which the two progressively fuse (fig. 4 
E-G; cf. also fig. 45 B-F); the remaining male gametes swarm away, | 
This type of clump-formation (1, p. 44) in which each group gives 
rise to a single zygote is, so far, recorded only in Ectocarpus, although | 
not always found there (@9) p. 419). The method of fusion of the 
gametes just described and illustrated in fig. 44 C-H would, however, | 
appear to be frequent among Ectocarpales (145). | 


A fusion of morphologically isogamous gametes is also reported inter kb 
alia for Ascocyclus ((229) p. 1578), Lithoderma ((145) p. 170; cf. fig. 44 4), 
Mesogloea vermiculata ((187) P. 36), Phloeospora brachiata (67) p. 15) 
Asperococcus bullosus (G29) p. 93), Punctaria (286), Sorocarpus, and 
Heterochordaria (() p. 331), although few details are available. In 
Sphaerotrichia divaricata (Nemacystus divaricatus Hygen (104) p. 245) 
larger female and smaller male gametes are recorded, and the former 
are stated also to develop apogamously. Soranthera (() p. 161) 5 
described as having large, dark-coloured, sluggish female gametes an 
small, transparent, active male gametes, as well as swarmers of n 
intermediate type; both of the latter can apparently fuse with the female 
gametes. In neither instance do the published figures afford clear 
evidence of the existence of more than one type of plurilocular spor” 
SO the Bametophytes (cf. fig. 38 C), and further investigation? 
needed to establish the true state of A ; 

According to Hartmann ((90) P. 132) the two types of gametes in 
Ectocarpus siliculosus can be distinguished by intra vitam staining i 
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i cific sexual substances. It is not altogether easy 

((91) P- 387) MURS h the occurrence of relative sexuality ((89) p. 463, 

E ) p. 385), Lë the fusion between two different groups of 

du E ae to the same strain. Hartmann ((90) p. 146) concludes 
Be ination in this species is phenotypic. 

es of Ectocarpus (fig. 45) possess more than one kind 

the compartments being of different sizes 


ci 
everal spe < 
S lar sporangium, 


of plurilocu 


Fig. 44. Sexual fusion. A, Lithoderma fatiscens Kuck., progressive stages 
in fusion of gametes. B-H, Ectocarpus siliculosus (Dillw.) Lyngb.; B, clump- 
formation; C-F, progressive stages in fusion; H, zygote. I, J, Scytosiphon 
Lomentaria (Lyngb.) Ag.; I, fusion; J, zygote. c, chromatophore; f, female 


and m, mal te; fter Kuckuck; B-H after 
Berthold.) e gamete; s, eye-spot. (A, I and J after Kuckuc 


and different types of swarmers being produced. The one kind 
(meiosporangium) seemingly serves to produce accessory asexual 
ARS while the others (megasporangia and microsporangia) 
GC gametangia. Kniep (25) p. 155), however, regarded the 
ae ee as asexual and the meiosporangia as female organs. 
they SE the marked anisogamy shown by some of these species, 
suc red by Batters (21) toa distinct genus Giffordia, but 
TOP is not warranted, since the heterogamous species of 

are in part closely allied to isogamous ones ((12) p 265). 
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In the rare E. s 
appear only towar 
the female gameta 


ecundus (9), (217) p. 388), in which meios nAi 
ds the end of the growing season ((242), (244) gia 
ngia (fig. 45 A, ma) have large compartment à | 
f deep brown chromatophores, while the eit On. 


taining à number 0: \ : (m 
m ments, each al 
have small, pale-coloured, man: with a single min) A 


yellow chromatophore. Sexual fusion (@17) p. 390) occurs between the 
two kinds of gametes (fig. 45 C-F) after the manner above describe] 
for E. siliculosus, the female soon coming to rest and being Sought oy 
by the males. Apogamous development of the megagametes is not 
uncommon in the later part of the season when the male gametanpi, | 
are lacking and, in E. Padinae Sauv.! ((42) p. 88, (48) p. 371, (218) p, 24 
(26)) with similar gametangia (fig. 45 N-P), this is always so, so far | À 
as present observations go, and it is not known whether the Micro. | 
gametes are ever functional. In E. Padinae meiosporangia (fig. 45M, | 
me), with compartments intermediate in size between those of the | 
micro- and megasporangia, are found throughout the Season; the 
germlings of the meiospores show narrower dimensions than those d 
| 
| 
I 
| 


formed from megaspores. 

In the two species just discussed no individuals with unilocula | 
sporangia have been discoyered, and the plants so far studied mus M 
be presumed to be gametophytes which can propagate apogamously, 
as well as by means of the swarmers from the meiosporangia. The | 
sexual fusion in Æ. secundus, however, implies the existence of diploid | 
thalli that will probably be found to bear unilocular sporangia, and | 
the same may be true of E. Padinae. 

In another species, E. Mitchellae Harv. (E. virescens Thur.), in 
which megasporangia and meiosporangia are borne on distind | 
individuals (213), unilocular sporangia have recently been found (60 | 
P- 75, @44) p. 67) on plants bearing also meiosporangia (fig. 45 GJ 
Cultures of the swarmers from the unilocular sporangia afford plant 
bearing megasporangia (fig. 45 J, za) and microsporangia (fig. 4 
K, L, mi). The swarmers produced by the former show a tendency to 
loss of movement (18) p. 33), while those of the latter are colourless, 
save for the eye-spot. No fusion of the two kinds of swarmers has 
been observed, but the megagametes can give rise to further gener 
tions bearing the same two types of reproductive organs. Itis probable, 
however, that sexual fusion occurs in nature (cf. (125) p. 144) and that 
the zygotes develop into the plants bearing the unilocular sporang® M 
which are otherwise inexplicable. Svedelius (269) has shown that plants M 
bearing megasporangia or meiosporangia both possess the sam: | 
ae of chromosomes, which suggests a formation of meiosporane® | 
a im the Bametophyte (cf. E. secundus and E. Padinae). Those a à 

€ plant with unilocular sporangia can hardly be other than diploi® | 


= 
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* As regards the possi 


i DH . D ias 
See (226) and (236) p. 67. Be relation of this species to Acinetospora PM 
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; 6-1) 
plants 
fig. 45 ! 
ency o — 
uge M 
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bable, | 


nd that | S 
rangle | UA Heterogamy in Ectocarpus (alter Sauvageau). A-F, E. secundus 
plants P sporangia): B- of thread, with the two kinds of gametangia (mega- and micro- 
ame Vin (Pt ED sexual fusion. G-L, E. Mitchellae Harv.; G, thread with 
A. megas © sporangia; H, I, the same, with meiosporangia; J, the same, with 
rangi Sauv Re L, the same, with microsporangia M-P, E. Padinae 
eer? t, chromat ja EID ENSEM N, O, macrosporangia; P, microsporangia. 
iploid. gium; me Phore; f, female and m, male gamete; A, hair; ma, macrosporan- 


mei : AI $ : č 
»"ieiosporangium; mi, microsporangium; u, unilocular sporangium, 


pusillis 
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; ilo à 
Two kinds of Ke 355, (218) p. 5, G8) p. 24), the one E in 
E. Lebelit Crouan nts producing swarmers like the male game VE 
smal EE other with deep brown compartments. No Au d 
E y: an observed, and it remains doubtful whether) à 
the Samed represent meiosporangia or megasporangia, Ge, | | 
re Sal ee two types of plurilocular sporangia in E d i 
(as) p. 8) also bered plurilocular sporangia recorded ; d 3 "ob 
Sond. The large-cham à h It of the ai l 
fervoides are, according to Sauvageau (21s), the result of the attack ofa | 
edler sporangia of different sizes are not, however, Confined | 
to Ectocarpus. Howe (ol p. 48) records two kinds in Sireblonemn | 
Cokeri. In Myrionema strangulans Sauvageau ((220) p. 218) describe. 
some with large compartments regarded as megasporangia and other 
rarer ones with compartments of about half the size, interpreted 4 
meiosporangia; Kylin ((153) p. 8), who observed only those of the former | 
type, regards them as comparable to the meiosporangia of Ectocarpy à 
Mitchellae. Karsakoff (G12) p. 435) also recorded in Myriotridi, | 
filiformis two kinds of sporangia, the swarmers of which were stated to | 
copulate. This has never been confirmed and, in view of what is known | 
of the sexual reproduction of allied forms, the reported fusion of | 
swarmers is improbable (cf. (145) p. 175, (152) p. 34, (217) pp. 359, 395; | 
see however (125) p. 151). Several kinds of plurilocular sporangia have | 
also recently been reported in Colpomenia sinuosa (148). In spring the | 
plants are stated to bear male and female gametangia, the male gametes | 
being considerably smaller than the female and devoid of a chromato. | 
phore; fusion is described. | 
In Giraudya sphacelarioides Berthold ((27) p. 408) observed mega: | 
sporangia forming sori on the assimilatory threads and liberating | 
swarmers with several chromatophores, while recent workers have seen | 
only meiosporangia with swarmers having a single chromatophore ant | 
occurring in the three types of sori described on p. 71. The only record | 
of sexuality in this alga is that of Goebel (82), who describes conjugation i 
of the swarmers from the megasporangia. Recent workers have generally | 
regarded this as a misinterpretation ((147) p. 32). | 


Incipient oogamy, similar to that of Ectocarpus secundus, iS CH 
seen in Nemoderma ((144) p. 122), where the male and female gametang! f 
are borne laterally on the upper parts of the erect threads (fig | 
A, ma, mi), while the intercalary unilocular sporangia (fig. D 
occur on distinct individuals. The gametes are liberated singly jot 
the compartments of the gametangia (fig. 46 B). The large m : 
swarmers (fig. 46 E, f). which become attached by the ques, i 
flagellum, are sought out by the small male swarmers (7) which K 
a chromatophore, although possessed of a distinct eye-spot QUE 
female gametes can also develop apogamously. The sexual cells DA 
fortnightly (a P: 144) and are liberated in the interval betwee” . 
Successive spring tides (cf. Dictyota, p: 316). 


! See also the data in (125) p. 143. 


cular sporangia? have also been rec 
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anterio 
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) The}  ofcrust Re erma tingitana Schousboe (after Kuckuck). A, vertical section 
IF, en gium: o Owing the position of the sex organs; B, dehisced male gametan- 
IS le gametangium; D, erect thread, with intercalary sporangium; 


« sex 
seen IN > Sexual fusion. p basal system; c, chromatophore; e, erect system; f, female 


€ gamete; ma, female and mi, male gametangia; s, stigma; u, uni- 
T Sporangium. 
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Although some Ect 
anisogamy, true oogam 


ocarpales thus attain to an advanced stat 
S 


y does not appear to have evolved in this org of 
ek 


THE LIFE-CYCLE IN THE ECTOCARPALES 


Of the two main types of reproductive por RE in Ecto. H 
carpales, the unilocular sporangia A a mos Without Exception | 
to constitute asexual organs which pro EE germinatin | 
without fusion to form a potential gametophyte. The first nuclea M 
divisions in the unilocular sporangium have been shown to bring about | 
reduction in diverse Eetocarpales, a fact first demonstrated by Kni wl 
(G26) p. 350) in Pylaiella littoralis (cf. also (151) p. 9) and confirmed by | 
Dammann ((s6) p. 9). While there are probably a number of Instances | 
in which meiosis is suppressed (p. 137), there is little evidence that | 
reduction can occur at any other stage in the life-cycle. Unless there | 
is proof to the contrary, therefore, the swarmers formed from uni. | 
locular sporangia must be regarded as haploid, and the plants bearing ' 
such sporangia as diploid and sporophytic (cf. (152) P- 75, (269) p. 301), | 
On the other hand the motile elements produced in the plurilocular | 
sporangia probably always have the same chromosome-number as the | 
parent plant. Where such sporangia occur on plants also bearing the | 
unilocular type, the resulting swarmers are no doubt normally diploid | 
and constitute merely a means of accessory propagation of the sporo- | 
phyte. When plurilocular sporangia occur on what is known to bea | 
haploid phase, they are invariably unaccompanied by uniloculi | 
sporangia and have in diverse instances been shown to liberate , 
gametes which fuse to form a zygote producing a new diploid phase, 
The frequent absence of observed fusion cannot be taken as definite | 
proof that the swarmers in question lack sexuality, since the artificial | 
environment of a laboratory is only too likely to create conditions | 
inimical to the occurrence of sexual fusion; this is moreover clearly | 
dependent on outside factors, as shown by various data in the » 
literature (cf. (90) p. 135, (125) pp. 146, 154). The usual close resem: | 
blance between the accessory plurilocular sporangia on diploid | 
individuals and those which function as gametangia on the haploid | 


phases, is one of the reasons why the life-cycle of Ectocarpales so lont M 
remained obscure. : | 

The investigations of the last two decades have made it clear thtt | 
the complete life-cycle in this order involves an alternation betwee? | 
(a) a diploid individual bearing asexual (unilocular) sporangia (ft! f 
accompanied by accessory plurilocular sporangia) and (b) a haplo | 
individual bearing plurilocular sporangia which function as ST M 


tangia. In the simple filamentous Ectocarpaceae the two generato" | 


1 Knight ((126) P. 3 
S Pylaiella the last den 
i number of chromosomes, 


EA ps MEI SN a) C7 UA Cen FAL) 


e E soi | 
however, states that on certain diploid plant 


id | 
of the plurilocular sporangia showed the haplo 
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and the alternation is isomorphic. The elaboration, 


Be q re essential has undergone in the more advanced members of 
3 which the les, has in a few instances affected both sporophyte and 

the ess So that the alternation is likewise isomorphic (Nemo- 

| gameto ver ochordaria abietina, p. 130). More usually, however, 


n Ecto. M ER sporophyte has been elaborated, whilst the gametophyte 


°€Ption, goo. à small ectocarpoid or streblonemoid structure (fig. 47 G, H) 


Mnatjn, | m Iternation has become heteromorphic. F undamentally, how- 
Ducle; | so that M aver alternation occurs in Ectocarpales it is derived from 
8 about | SCH Bon two identical generations (3), i.e., using the term in its 
night | E Ge alternation throughout the Ectocarpales is. originally 
med by | old " Fs (cf. (128) p. 29). In considering this interpretation it must 
stances | homo E in mind that the complex sporophyte of the Ectocarpales 
Ice that | be BU always originates from an erect thread or threads of an 
ub Eee hois filament, essentially—though not in detail —resembling 
Jm uni. | dic simple filamentous gametophyte (cf. e.g. fig. 31 A, H, with fig. 47 
Per F, G, H). The sporophyte does not ordinarily become fertile until 
p- 301). à the mature structure has been attained, whereas the gametophyte, in 
Sec forms with heteromorphic alternation, forms reproductive organs 
A the | while still in a filamentous condition. Precocious fertility on the part 
aoe | of the sporophyte is, however, frequent (cf. pp. 97, 107; 699; 
‘diploid | ; 
a es 36 H; 37 C). 
to bea | 
ilocular | (a) Forms WITH ISOMORPHIC ALTERNATION 


liberate | Two practically identical generations are probably not uncommon in 


| phase. | Ectocarpus and its allies. In E. siliculosus Berthold showed that the 


definit | plants found at Naples during spring reproduce sexually by means 
shi | of gametes liberated from the plurilocular sporangia, the only kind of 
aditions | reproductive organs present, The fate of the zygote was not clearly 
de established, although some evidence was produced ((27) p. 412) that 
int B ie developed into a small plant bearing uni- and plurilocular sporangia. 
| A | Sexual reproduction in Æ. siliculosus at Naples has since been studied 
dee | by diverse investigators ((89, 127,145,181,193,216); cf. also (217) p. 365) 
nap de | and Knight ((127) p. 318) showed that the plants producing gametes 
‘soit ` arehaploid. Berthold's conclusions as regards the sporophyte have 
dii | also been confirmed (02) p. 4, (50) p. 91); at Naples it is a winter-form, 
ear = | Considerably smaller than the gametophyte and bearing, apart from 
a , unilocular, accessory plurilocular sporangia. 
l jid À = similar alternation has been established in E. siliculosus by 
| HS í Yn ((72) p. 6) on the west coast of Norway and by Papenfuss (85) at 


rations | ed SE in North America; both record haploid plants with pluri- 
i “Porangia only and diploid plants with pluri- and unilocular 


N 8 0 i D D D Eo D D 
lants 5 ES either on the same or on distinct individuals. The diploid 
haplo! on at Woods Hole, however, are more robust than the haploid 


^ Possessing bigger cells and considerably larger plurilocular 
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; m that in northern waters, b 

ia. It would thus see IR: » DY contra 
a c coner obtaining at Naples, the diploid plant of the e 


Gr o Specie, 
s more vigorous than the haploid one. This N in 


r ; with the fact that Knight (G27) P. 322) in the Isle of M 
$ ey diploid plants, while Kylin ((1s2) p. 16; cf. also (162) p. E 
(168) p. 547), On the west coast of Sweden, records plants (assumed to | 
re diploid) with mainly plurilocular sporangia that liberate asexual M T 


under discussion 1 


swarmers: The occurrence of reduction in the unilocular sporangium | anal 
of E. siliculosus, first established by Knight (G27) p. 314), has ne E z 
been confirmed on material from diverse regions ((184, 185,250); cf. also d s 
I 
E une Ectocarpus siliculosus in various localities exhibits | ve 
a distinct alternation with varying preponderance of sporophyte or | erec 
gametophyte, there is some evidence that yet another type of life. m 
cycle may occur. Knight (27 p. 316), in her British material, records E. 


fusion of the swarmers from the unilocular sporangia,! and a similar | win 
state of affairs has been reported from the Adriatic ((so) p. 85) ' 
Knight's data are perhaps not altogether convincing ((152) p. 19, (185) 


p. 423), but analogous observations since published (cf. p. 131) | ee 
strengthen the indications that such a behaviour on the part of these | tes 
normally asexual swarmers is possible. I am inclined to interpret the [^ cer 
phenomenon as an instance of extreme reduction, since under these M ve 
circumstances the gametophyte is completely eliminated and the | hap 
asexual cells that normally produce it themselves behave straight M fi 
away as gametes (cf. Saccorhiza, p. 251 and (5e). Such curtailment Fu 
of the life-cycle can, however, no longer be regarded as characteristic M 74 
of northern latitudes (cf. (27) p. 321) in view of its occurrence also | Di 
in the Adriatic. | E 


All who have studied the sexual reproduction of E. siliculosus have | S 
reported that a certain percentage of the gametes fail to fuse. Such | 
gametes (apparently mainly the female ones, cf. however (89) can À 
develop apogamously with the production of further plants bearing | 
plurilocular sporangia only (@7) p. 412), and in this way accessory | ha 
reproduction of the haploid phase takes place. In the normal life- | 
cycle of the species under discussion, therefore, either phase ca" | 


propagate itself indefinitely, the diploid phase with the help of the a 
accessory swarmers from the plurilocular sporangia, the haploid phase M a 
with the help of apogamous gametes. P o 

The successive individuals, which may thus for long periods P" | — p 


petuate the diploid or haploid phase as the case may be, do not a 
Ectocarpus ordinarily appear to display any essential differences fro 


E normal adult thallus. Instances are, however, on record in which in 
; i 8n i he accessory sporophytic phases derived from the swarmers? A 5s 
E: e plurilocular sporangia and the gametophytic phases derived from sp 
1 According to Kni ; E. cies 
d ght ((127) p. i ther spe 
of Ectocarpus in British Men MR ruri certain’? 
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cular sporangia, show simplification as com- 
lus. Thus, in E. tomentosus (237) such stages 

le ectocarpoid structures, showing nothing of 
e descri late character typical of the adult plant; they are also 


je sched by the hairs which they bear. - 
di 


e indications that other species of Ectocarpus exhibit an 
Do. Speech, Thus, according to Sauvageau ((218) p. 66, (244) 
analogous ja possesses two types of individuals, the one bearing 
23), E- he other plurilocular sporangia; in either type plurilocular 
ia may also occur on the prostrate system. The individuals with 
pos r sporangia only are invariably epiphytic on Saccorhiza. The 
er S of the swarmers from the plurilocular sporangia on the 
Fes GE is regarded as a possible indication of their sexual nature, 
og sion has not been observed. The scarcity of plants of 
d See with unilocular sporangia may be due to their being 
winter-forms* or to their growth in deeper water. The reproduction of 
E. Mitchellae (p. 122) also furnishes evidence of isomorphic alternation. 
‘Such a life-cycle evidently also occurs in Pylaiella. The individuals 
of the true P. littoralis on the coasts of Scandinavia for the most part 
lurilocular sporangia ((154) p. 3, (160) p. 44), the 


bear either uni- Or p { t 
diploid ones being in general larger than the haploid and showing 


certain other differences ((:52) p. 10). In Britain Knight (G27) p. 322) 
records plurilocular sporangia also on the diploid individuals, while 
haploid plants are very rare (cf. Ectocarpus siliculosus). Kylin ((152) p. 5) 
finds diploid plants all the year round on Ascophyllum (more rarely on 
Fucus), while the haploid ones, occurring on Sertularia or on Ceramium 
rubrum epiphytic on Ascophyllum, appear in spring and disappear by 
midsummer. In the Isle of Man (126) the haploid phases are found in 
spring and, like the diploid ones during early, summer, occur on 
Ascophyllum, while later in the season the diploid phase spreads to 
species of Fucus. A seasonal alternation between a diploid spring phase 
and a probable autumnal haploid one is also implied by the observations 

of Johnson and York ((107) p. 29). 
Fusion of the swarmers from the gametangia on the haploid phases 
has been observed ((126) p. 354, (152) p. 14), although apogamy is also 
p Both Knight (126) p. 353) and Kylin (52) p. 11) have in 
ar grown well-developed gametophytes bearing plurilocular 
eem the zoospores of the unilocular sporangia of the diploid 
dere The former (27) p. 322) also records fusion of zoospores, 
DE Is was not observed by either Dammann or Kylin (cf. (152) 
Pylaiella n of the scarcity of haploid plants in the Isle of Man, 
culosus SE is may display the same tendency as Ectocarpus sili- 

NOU s an elimination of the gametophyte. 

individuals a PS ((56) p. 8) of unilocular sporangia on the haploid 
is believed ly eee the only instance of the kind so far reported, 
Species of Dy] ylin (54) p. 6) to be due to confusion between the two 
Jlaïella (p. 55). In P. rupincola only individuals with 


the unilo 


‘bed as simp 


unilocular, 


1 Cf. also E. simplex ((244) p. 92). 
PA 
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3 ccasional plurilocular) sporangia are known 
he swarmers of the former produce new indivi 
with unilocular sporangia. This can only be explained by th 
‘on that there is here no reduction in the unilocular Sporangium 
nn in the literature also support the existence of isomor 
alternation in Sorocarpus (54) p. 20, nr S gen] 
(Hook. et Harv.) Skottsb. ((261) p. 9), an trepsithalia (Q4) à d 
Sexuality on the part of the swarmers from du plurilocular Some 
has, however, only been demonstrated in Sorocarpus (1), Hu 


Among the more specialised Ectocarpales isomorphic alternat| 
appears to be rare, although it probably occurs in Nemoderma À wl 
Lithoderma ((45), 651) P- 41; fig. 12), and possibly other Myrione 
taceae.2 It must be noted, however, that neither in Lithoderng | 
fatiscens Kuck., nor in Nemoderma (144), has a mature plant wii 
unilocular sporangia been grown from the zygote, nor are there al 
present any cytological data. Apogamy has been observed in bol 


genera. 


unilocular (and o 


d 

(162) p. 33), and t S uj 
SUppos 
ON i 


Another probable instance of isomorphic alternation is furnished 3 
Heterochordaria abietina in which uni- and plurilocular sporangia occu 
on distinct individuals ((256) p. 550). Since heteromorphic alternation! 
obtains in diverse Mesogloeaceae (cf. below), the isomorphic life-cycleq| 
Heterochordaria would remove it from that family. Reduction in tk! 
unilocular sporangium (3) has been established and, according to Abel 
the swarmers of the plurilocular sporangia are gametes; there is stric! 
dioecism, the female swarmers being slightly larger and alone capabl | 
of apogamous development. Abe(2) also describes a fusion of swarmen| 


from the unilocular sporangia, usually from those of different ind | 
viduals. 


l 
(b) Forms WITH HETEROMORPHIC ALTERNATION | 


Heteromorphic alternation is definitely established for members 
six families of Ectocarpales. These are: Mesogloeaceae (Castagti $ 
virescens (187); Mesogloea vermiculata (130) p. 113, (152), (187); Sphatt | 
trichia divaricata (10s); Spermatochnaceae (Spermatochnus paradow 
(186); Stilophora rhixodes 152); Punctariaceae (Phloeospora brachial 
(167)); Asperococcaceae (Asperococcus bullosus (29) ; A. fistulosus 6 M 
P. 109);? Encoeliaceae (Soranthera ulvoidea (9,19) and Dictÿ M 
phonaceae (Dictyosiphon Joeniculaceus (224,239)). In all instances 
gametophyte is a minute filamentous plant (figs. 19 G; 38 Ci 47> 
H, I, O), with the general characteristics of a small Ectocarpis” | 


1 The ob: i < regui | 
esse rvations of Abe (6) p. 334) on Sorocarpus uvaeformis TT | 


? Cf. Ralfsia clavata ((153) p. 17). 


3 H D : 3 
ER a of A. fistulosus is based on the statements in the Que. 
GE Mum er paper(129) reference is only made to the fusion d by 


: ocular sporangia (cf, below): in vi he data furnish’. i 
Kylin ((153) p. 1 3) it can hardly be ee Ay noel alternati" 


eu 
= 
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he occurrence of reduction in the unilocular sporan- 
tablished in Castagnea virescens, Mesogloea vermi- 
us (G87) p. 30), Spermatochnus paradoxus, 
d Asperococcus bullosus. 


rm. T 
been es d 
riogloea :Sctur 
Phloeospora He M 
‘ocular sporangia do not occur frequently on the diploid 
pluri E of the species listed above, being recorded only in 
individu A TUE (687) P. 175 cf. however (155) p. 31), Spermatochnus 
Castagne (46) P- 122), Stilophora rhizodes (280), Phloeospora brachiata, 
See bullosus (Gs2) p. 39); even in these, moreover, 
and ath with unilocular sporangia only are often reported. Among 
pos S advanced Ectocarpales there is thus a tendency to eliminate, 
E E rely or for the most part, the accessory reproduction by 
Kee swarmers from plurilọcular sporangia which is so frequent 
Cup the less specialised members. In this respect the Ectocarpales 
show a definite evolutionary trend in the direction of the higher 
Phaeophyceae where such accessory reproduction of the diploid phase 


does not occur. 

Among the species cited above the full life-cycle has only been 
established in Asperococcus bullosus and Phloeospora brachiata, but the 
available data suffice to indicate that the general outline is the same in 
the other species. T'he lacunae concern particularly the observation of 
sexual fusion and the development of a new sporophyte from the 
zygote. The type of alternation under consideration was first demon- 
strated in Dictyosiphon by Sauvageau (224). 

Diverse records in the literature indicate the possibility of occasional 
fusion of the swarmers from the unilocular sporangia among more 
advanced Ectocarpales. This was first reported by Areschoug (Gr) p. 27) 
in Dictyosiphon hippuroides, although it remains doubtful whether this 
was a true instance of fusion ((125) p. 138, 624). Knight (627) p. 317) 
records such fusion in Asperococcus fistulosus (cf. also (128) p. 23, (139) 
p. 109), Myriotrichia clavaeformis, and Punctaria plantaginea, while 
Hygen ((104) p. 257) assumes its occurrence in Sphaerotrichia divaricata. 
There are, therefore, data supporting the existence of a tendency 
towards the elimination of the gametophyte in these advanced types; 
similar to that noted in Ectocarpaceae (p. 128). 


similar fo 
jum has 
culata, 


ds nee S e occurrence of heteromorphic alternation is available 
of te ctocarpales in addition to those listed above. In many 
NS ce plant bears both uni- and plurilocular 
Geer E , although one or other type usually predominates at 
or shorter age the life of the individual, there is generally a longer 
before er of overlap. The unilocular sporangia may be formed 
m En xi ocular ones (Leathesia difformis (152) p. 64, 639), but 
P. 144; jm : 3 Sequenee is reversed (e.g. Stilophora adriatica (240) 
P.5; sir om rohe (239) p. 341; Myrionema strangulans (53) 

Totasperocog Pusi lus (239) p. 362, (244) p. 2; Myriotrichia repens a1); 
cus myriotrichiformis (4x) p. 67, (40) p. 80). In certain 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri an 


ECTOCARPALES 

132 

: o kinds of sporangia tend to occur on q. 
ue Ew. Asperococcus for example, may show age 
in size (cf. (49) p. 78, (59 P: 15) e E. 2 Swarmers in. 
the two types of organs are alike, ` T : ES hon pusillus ts 
p- 356) and Spermatochnus ((46) p. =) e SS rom the Pluriloc 
sporangia are described as being markedly larger and exhip 

1 4 nt. 

E be litle doubt that in all the Ectocarpales n 
consideration the ordinary plant is diploid and that the 
produced in its pluxilocular sporangia are accessory and bring about | 
multiplication of the sporophyte before the unilocular Sporangi | 
appear. With few exceptions these macroscopic thalli are non. | 
perennial structures, only found for a few months, although the time | 
of their appearance varies in different geographical regions. The | 
restricted period of occurrence Is particularly evident in those gener | 
which possess a large thallus, where presence or absence is easily | 


iting a À 


| 
SWarmer | 


established: The manner in which such forms survived during the À 
period of absence of the macroscopic plant was long a mystery, since | 
no definite resting stages have ever been observed in the life-cycle of | 
Ectocarpales or for the matter of that in any seaweed. Sauvageay | 
(238,243) was the first to elucidate this point (cf. also (193)). He provided | 
evidence that, during the period of absence, these forms persist as | 
minute and largely prostrate filamentous stages, arising from the | 
swarmers either of the uni- or plurilocular sporangia of the macro- | 
scopic plant. These germlings are sometimes sterile, but more usually | 
they bear plurilocular sporangia (fig. 47 M, p), the swarmers of which | 
can produce several successive generations of such plants. 


Sauvageau calls the macroscopic stage the delophycean and the | 
microscopic ephemeral one the adelophycean. The latter sometimes | 
shows a curious dimorphism, some of the plants being discoid or | 
myrionemoid in form, whilst others are streblonemoid ((228), (229), bal | 
P: 417, (238) p. 267, (239) p. 404), a phenomenon referred to by Sauvage À 
as heteroblasty. Kylin ((s2) p. 58) is of the opinion that the difference 
results from the degree of rapidity with which the swarmer settles on | ] 
the substratum (cf. however Gert, According to Knight ((128) p. 26) the | 
alternation between the macro- and microscopic phases may be related [i 

| 
| 
| 


to the availability of nitrates and phosphates. 

Sauvageau distinguishes three different categories among these i 
Inentous stages. When the swarmers which they produce exhibit sexual | 
fusion, he speaks of the parent-structures as prothalli. When there ? 
no evidence of sexuality on the part of the swarmers, the filamento M 
stages whether derived from pluri- or unilocular sporangia” 
designated plethysmothalli. Sometimes such stages directly product í 
new macroscopic plant (figs. 34 C; 47 P) and are then termed proto 
nemata; they may at the same time bear plurilocular sporangia. 


1 T 5 A 
3 vu Opposite is reported for Ectocarpus tomentosus ((217) P- 360; 


(237) 
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t that in defining these categories in this way the true 
can © f affairs has been confused (299). 
gg tous stages derived from swarmers of unilocular 
All a. until evidence to the contrary is forthcoming, be 
sporang t $ haploid; they are potential gametophytes and the repro- 
regarded Se they bear are gametangia. The frequent apogamous 
d + of their swarmers may or may not be a natural condition 
develop It is important to note that, wherever the fate of the 
CRA ilocular sporangia has been studied among the 


dvanced Ectocarpales, the resulting prothalli bear plurilocular 


HETEROMORPHIC LIFE-CYCLES 


e no doub 


a 
Se only (cf. (56) p. 11, (152) p. 32, (239) pP. 348, 353, (40) p. 145); 
us is, moreover, no good evidence that they ever give rise directly 


dult thallus. - : 
2 eee ners from the plurilocular sporangia of the prothalli have 


often failed in cultures to afford any evidence of sexuality, but have 

erminated direct to give similar prothalli bearing similar sporangia, 
and in certain instances several successive generations of such stages 
have been obtained. These are some of the plethysmothalli of Sauva- 
geau. They are, however, certainly different in nature from the 
plethysmothalli formed from the swarmers of the plurilocular 
sporangia of the sporophyte (cf. below). This is in agreement with 
the opinions expressed by Kylin (ns) pp. 32, 36, 66). 

It is possible that extensive apogamous development of the gametes 
may take place in nature as in cultures, and that a succession of 
gametophytes is formed, of which the ultimate one produces gametes 
capable of sexual fusion and thus re-establishes the diploid phase 
(028) p. 20); alternatively, the first-formed gametophyte may give rise 
to zygotes which develop a succession of similar plethysmothalli. 
Perhaps this is one means of perpetuation during the unfavourable 
period of the year. The fact, however, that sexual fusion has so rarely 
been observed in cultures may not be taken as a definite indication of 
its scarcity or absence in nature, since the conditions afforded by 
laboratory cultures are only too likely to be somewhat abnormal. In 
this connection attention may be drawn to the fact that in Aspero- 
Siem bullosus Sauvageau ((239) p. 386) failed to observe sexual fusion, 
M oh has now been established (129); the same is true of 
Spe EX NUUAM (cf. (72) p. 7 and (152) p. 50 with (187) p. 36), 
virescens (cf z paradoxus (cf. (240) p. 128 with (86), and Castagnea 

The D P. 57 and (39) p. 284 with (87) p. 37). 
scopic plant warmers from the plurilocular sporangia of the macro- 
gametophytes (fie rise to filamentous stages quite similar to the 
. Many studi + gs: 26 D, E; 47 M), but in no instance among the 

ed has a sexual fusion of the swarmers they produce beer 


1 
Kylin’ 

bat ns S (asx) 

88 erron 


P- 18) record of fusion of the swarmers from the pluri- 


Porangia of the ordina ion p 5 a ` 
Cous (sz) p. 48). ry individuals of this species is later describec 
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observed. It is for t 
the term plethysmot 


hese minute diploid stages that, in MY opi: 
hallus should be reserved (oan: oe 
Aostly they bear plurilocular sporangia, from i. ® 
p. 86, fk E diploid) plantlets can be a | 
successio £39) p. 280, (240) P- 1 39); sometimes, however, the di 
(cf. "e ER sporangia, as in Myriotrichia repens and M. a im fl 
pov 3 68) and Litosiphon pusillus (852) p. 29, (244) p. 7: fig. op [ 
ees ns appears to be unusual. p | 
: A feature, which speaks strongly in favour of the diploid Nature D 
the plethysmothalli, is that sooner or later they commonly give del 
directly (figs. 31 H, €; 47 M, e) to new plants (probable Sporophytg. | 
cf. (152) pp. 36, 65, (239) PP. 344 360, 407). In other words their E 
threads are capable of developing into the macroscopic plant as som | 
as conditions render this possible. In cultures of the diploid swarmen| 
from the plurilocular sporangia of the sporophyte,? therefore, a sır. 
cession of plethysmothalli may be obtained or a new sporophyte mar 
be produced at an early stage. Which of the two occurs, no doubt! 
depends not only on the season of the year in which the cultures at | 
set up, but also, and perhaps more generally, on conditions in tk 
cultures being suitable for the development of the macrostopi 
lant. 
s The plethysmothallus may give rise to the sporophyte as a later M 
outgrowth, without itself producing any reproductive organs and, 
when this is so, Sauvageau speaks of a protonema. In such instances | 
however, as always among Ectocarpales, the adult thallus is merely 
an erect branch or branches of the primary heterotrichous sta} 
constituting the so-called protonema. Its mode of development dos | 
not differ from that found in those plethysmothalli which simul | 
taneously bear plurilocular (sometimes also unilocular) sporangt | 
(fig. 47 M). Such differences appear to be fortuitous, the plethysm | 
thallus being sterile or fertile according to circumstances, and [mt 
of the opinion that no importance is to be attached to such variation | 
The diploid plethysmothallus must be regarded as a sporophyt | 
(299), which remains for long periods arrested at the ectocatpo! | 
stage, during which it can multiply by swarmers from plurilocul | 
sporangia; similarly, it may continue to form such swarmers 0 the fo - 
primary filaments when some of its erect branches are develop!" fr 
ee I (fig. 37 C). The succession m : 
EN ploid swarmers of the plurilocular sporang! M 
Ectocarpus siliculosus or other simple form are just as much plethys™ d 


| 


12 


TO 


si 
4 


i * Diverse more complex relations are on record (cf. e.g. (241), (248) P: We 
(Esc regarding Protasperococcus), the evaluation of which is difficult, S1% 
remains doubtful whether they represent a natural state of affairs. A 
Possibly also of zygotes. For Phloeospora brachiata Mathias (Gon) n (tit 
makes it p robable that the zygotes give rise within the host to endop? 
filaments which do not grow to the surface until April. 


rg E me es D KR 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Warmer | 
€, à sue. 
nyte mat 
10 doubt | 
tures are 
18 in the | 
>TOSCopit 


a lateral | 
ans and, | 
nstance, | 
s merely | 
us stage | 
ent dos | 
h am 
porangi | 
| 
ind Laf 
ariations: | 
orophyt |- 
ocarpol E 
yriloculr | 
rs on tht | 
veloping D 
of plant {i 
gia of at l 
ethysm0 | 


IA 
, since! 


167) P: i 
ndophy" 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


HETEROMORPHIC LIFE-CYCLES 


Fig. 47. A-E, H, Stilophora rhizodes J. G. Ag., germination of zoospores 


omy unilocular sporangium; A, embryospore; B, first stage in germination; 
E formation of first septum; D, E, later stages; H, mature gametophyte. 
A osibhon foeniculaceus (Huds.) Grev., gametophyte. G, K-M, Lito- 
Weed K illus Harv.; G, gametophyte (from swarmers of unilocular sporan- 
SEN > K, L, different stages of germination of swarmers from plurilocular 
Ts M, plethysmothallus. I, Spermatochnus paradoxus Kütz., 

Nr ne E N, O, Phloeospora brachiata Born.; N, zoospore; 
young iab yte- P, Scytosiphon Lomentaria (Lyngb.) Ag, development of 
e; erect M from Swarmers of plurilocular sporangium. b, basal system; 
4, unilocula em; g, gamete; p, plurilocular sporangium and gametangium; 
Mathias: Sporangium. (F after Sauvageau; I after Papenfuss; N, O after 

» tne rest after Kylin.) 
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Po e, OW 3 i poroph te $ 
thalli; een in their morphological features with SC) : 
ood e proportion of the advanced Ectocarpales thus ede 
arge p le with a heteromorphic alternation, The F 


ing to the non-elaboration of the s 


ife-cyc c e dui 
Eeer by the elaborate thallus, which bears H 


S ngia only or plurilocular ones as well, the lat 
mee ily Ped at an earlier stage than dor a 
Th Zeen phase is a small filamentous plant bearing Bametang 
only. Either phase can probably propagate for several generation 
means of small ectocarpoid stages, the diploid one by the Svamg 
from the plurilocular sporangia which give rise to plethysmogg 
the haploid one by means of apogamously developing gametes yii 
give rise to accessory gametophytes. The plethysmothalli are to hl 
regarded as arrested ( juvenile) stages of the sporophyte. In 
this life-cycle can be short-circuited by the fusion of swarm 
the unilocular sporangia remains to be seen.! 


T the 


how fy) 
ers frof 


j 


al 


Where both plethysmothalli and gametophytes are known, they 4h 
not in general appear to differ much in their vegetative Structure, ai 
sometimes there is almost complete identity ((239) p. 403). This is wta 
one would expect on the view above propounded that the alterna 
is derived from an isomorphic one in which the one generation (th 
sporophyte) has been elaborated, while the other has remained at th! 
stage of the simple filament. Certain differences in the early stagesdi 
germination and in the later growth are noted by Kylin (sai p. 27) oh 
Litosiphon pusillus (cf. also (234)), as well as by Sauvageau in Punctati 
latifolia ((239) p. 342) and Spermatochnus ((246) p. 128), but in all sud 
instances the differences are not fundamental. Sauvageau (227) recor 
the persistence of sterile gametophytes over long periods. 


M Appended is a list of the species of Ectocarpales in which heteromonli 


alternation is probable on the basis of previous considerations (see also th 
list given on p. 130): 


Castagnea Zosterae (2) (sz) p. 57, (233). 

Chordaria flagelliformis (239). 

Desmotrichum undulatum (?)(152). 

Hapterophycus canaliculatus (301). 

Leathesia difformis ((56) p. 1 I, (152)). 

Litosiphon pusillus (239). 

Mesogloea Leveillei (?) (239). 

Myrionema strangulans (?) (153). 

Myriotrichia repens (240): 

Nemacystus flexuosus (240). 
rotasperococcus myriotrichiformis (240). 

zs Punctaria latifolia ((239); cf. also (286). 

Stilophora adriatica (240). 
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= 


" 


ont 
san 


n, they di 
Cture, ani 
his is whel 
rennt 
cation (hi 
ned at th) 
y Stages di 
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(c) MODIFIED Types oF LIFE-CYCLE 


: that some Ectocarpales show more or less marked depar- 
i E. tvpe of life-cycle indicated above. In Striaria attenvata 
or e A Zen Chordaria ((72) p. 7), in which only unilocular 
(153) and ee so far been found, the swarmers in cultures give rise 
E P entous growths, which, after some time, produce erect 


:vide to form the adult thallus (fig. 35 B). Kylin ((13) 

bauch a Gem 87) regards these forms as diploid ones in which 
j Mae in the unilocular sporangium has been suppressed and on 
s able evidence this would appear to be the only valid inter- 
pe Bo In Hapterophycus Hollenberg (Gon, p. 682) found evidence 
Sage of meiosis in certain of the unilocular sporangia, and this 
> sibly indicates how the condition in the species under consideration 
m arisen. It is to be noted that some of their immediate allies show 


a normal alternation. 


In Dictyosiphon Chordaria Föyn succeeded in growing four suc- 
cessive generations without seeing any plurilocular sporangia. A similar 
condition seems to exist in Asperococcus compressus (194, 235), where, 
however, rare plurilocular sporangia have also been recorded ((239) 
p. 363). Sauvageau has grown new plants from the swarmers of the 
unilocular sporangia. 

Other instances are afforded by Pylaiella rupincola (see p. 129) and 
Elachista fucicola (sa p. 12). In E. stellaris, where the macroscopic 
plant also bears plurilocular sporangia, the swarmers from the unilocular 
ones can reproduce the plant directly. For all three Kylin advances the 
same explanation as above. 


It has long been known that the thalli-of Scytosiphon, Petalonia, 
and Colpomenia bear plurilocular sporangia only ((e39) p. 402). Fusion 
of the swarmers (fig. 44 I) has repeatedly been reported in Scytosiphon 
Lomentaria (t) p. 333, (7) p. 407, (75), (138), (145) p. 160); Kuckuck (145) 
also recorded such fusion in material of Petalonia zosterifolia from 
the Adriatic. Others (66) p. 12, (52) p. 47, (39) p. 332) find that the 
SWarmers of ‚Scytosiphon give rise, without fusion, to a system of 
one filaments which-may perhaps reproduce by plurilocular 
ie P- 333), but more usually (fig. 34 B, C) unite to form 
ir ip regenerate a new plant. For Petalonia debilis (Gezei p. 323) 
e Bie ay (Gs2) p. 44) it has likewise been shown that the swarmers 
Se E to new plants direct (fig. 34 F). According to Sauvageau 

UA z development occurs in Colpomenia (cf. p. 111), while 

Iis d mute (148) record sexual fusion (cf. p. 124). 
thallus v S to reconcile the data on direct development of a new 
the De records of sexual fusion between the swarmers from 
types of the nenn They suggest that there may be several 
on Colpomenia r, and this is supported by the recent observations 

(48), Kylin (ei p. 46), who regards the three genera 
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138 ; 
der discussion as diploid forms which have lost the 
un "4 considers the fusions that have been described a 
sporangia, E this connection attention may be drawn to pet 
oO S d of the occurrence of double zoospores ji Cine 
(G94) p. 301) recor orine - ati Th In Per, : 
although he found no evidence of ee Paes e Possibility, m 
ever, that reduction might take place during the developmen ia 
certain of the plurilocular sporangia cannot be altogether ruled A 
(cf. also (125) p. 156). | 
Much the same position exists in Giraudya (p. ı 24), where Sa 
(@31) p. 46) records a succession of plethysmothalli before the Si 
thalli reappear. Several species of Stictyosiphon too are only known, 
possess plurilocular sporangia, although unilocular ones are found: 
S. adriaticus (40) p. 160). Kuckuck ((145) p. 164) records fusion of ht 
swarmers in S. tortilis, whereas Sauvageau ((239) p. 306) obser 
direct development into new plants in S. Corbierei. '| d 
Mention must also be made of Ascocyclus orbicularis, in which die 
development of new individuals from the product of germination of ch 
swarmers of the plurilocular sporangia appears to be the rule Ge e 
although Sauvageau believes he has on one occasion obtained ap 
evidence of sexual fusion. The recent discovery of unilocular sporangi| ` 
(p. 60) supports the view that Ascocyclus is diploid and renders im! 
probable the opinion expressed by Parke ((187) p. 38) that this algai! 
a stage in the life-cycle of Castagnea Zosterae. | 
[| 


age. 


STATUS AND CLASSIFICATION OF ECTOCARPALES | 


As mentioned at the outset the delimitation of Ectocarpales her! 
adopted agrees essentially with that of Oltmanns.! The order, as thu) 
circumscribed, is characterised primarily by its heterotrichy and ttt 
lack of true oogamy, as well as by the comparatively simple organis: 
tion of the thallus. There can of course be no serious objection to the 
elevation of some of the families or groups of families here recognist 
to ordinal rank, but the differences between them, save in vegeta 
construction, are slight and scarcely of the nature usually accepti 
for distinguishing major systematic units. With the discovery" 
heteromorphic alternation in Dictyosiphon, a new taxonomic featur M 
became available and the separation of the Dictyosiphonaceae fon M 
other Ectocarpales was advocated (275). Sauvageau ((2302) p. 9 
With more reason, later established the order Sporochnales (p: #7 
Recently Kylin ((s2) p. 91; cf. also (278)) has laid special stres B 
the features of the life-cycle in the classification of the Phaeophy®" 
asa whole, distinguishing a series Isogeneratae, with isomorphic, E 
another series Heterogeneratae, with heteromorphic alternation 
the former he refers Ectocarpales (sens. limit.), Sphacelariales ME 
leriales, Tilopteridales, and Dictyotales, to the latter Chordar? 


Sporochnales, Desmarestiales, Punctariales, Dictyosiphonales, 
d 


Fa 


m 


a = 
PERI ET 


1 D 
For a brief account of earlier systems of classification, see (152) P: 
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es The Ectocarpales are restricted to those forms that 
Laminaria "hic alternation (Ectocarpaceae, some Myrionemataceae)! 


r : 
show © Um include both simple filamentous types and crust- 
nd, a genera exhibit a considerable vegetative range. Chordariales, 

a, € 


les, and Dictyosiphonales are distinguished only on vegeta- 
H 


ing section the view has been advanced that forms 
hic alternation are to be regarded as derived from 


; or 
with: hetero p phic types by divergent development of the 


| i tous isomor ; : 
aura | ics If this view be accepted, a classification based on the 
ue EU cely feasible among the simpler Brown Algae. More- 


known. :fe-cycle is scar s S 5 
foi! He ihe Punctariaceae and their allies, for example, are closely linked 
‘| MEE 


on oft by way of such forms as Phloeospora with the simple filamentous 
serve, — types, and it scarcely appears advisable to class them in a separate 

| eier All the diverse kinds of thallus-development among Ecto- 
are, in fact, derivable from simple filamentous types, such 


ich det carpales 4 
on llustrated by the Ectocarpaceae. On the other hand, both 


i 

> (use, | Sporochnales and Desmarestiales not only show a very marked degree 
ed som: of vegetative specialisation in different directions, but exhibit true 
ms 1 oogamy which, so far as presen evidence goes, is never realised in 
jd il the Ectocarpales. Both the former are indeed as sharply characterised 
1 as the Cutleriales, which have long been classed as a distinct order. 

It is scarcely feasible to trace in further detail the lines of evolution 

ALES that have resulted in the diverse types of structure met with among 
| Ectocarpales. Their interrelation depends largely on their derivation 

ales het from a common filamentous type. Two significant evolutionary 
r, asth| advances were the inception of longitudinal septation, leading to the 
randi parenchymatous (polystichous) habit, and the substitution of apical 


on D carpales (Spermatochnaceae, Dictyosiphonaceae). It is also note- 
copié worthy that, among the polystichous forms, there is commonly a 
egetatin Re tendency for the aggregation of the sporangia into sori, accompanied 
accepti by the development of associated paraphyses which probably often 
fulfil a protective function. 


“| for trichothallic growth which is seen in both the big series of Ecto- 


adding an epitorne of the classification here adopted, it may be 
Sen that it is essentially one of convenience and that a larger 
; r of families should no doubt be distinguished; the exact rela- 


tionships i 
tior PS of a considerable number of the genera are, moreover, at 
sent scarcely clear. 


(a) Si : 
; ae and in part probably primitive forms: 
. Ec 
cane nae Ascocyclus, Bodanella, Ectocarpus, Gemino- 
tre om osyphar, Phaeostroma, Pleurocladia, Pylaiella, Sorocarpus, 
a, Streblonernopsis, Zosterocarpus (?). 


1 
It is su 
Certainly de = that some of these may be reduced Mesogloeaceae. All 
cre are some i Ppear to be isomorphic. Even in certain species of Ectocarpus 
y indications of heteromorphy (p. 128). 
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(b) Haplostichous forms: 


Chilionema, Compsonema, He 


. Myrionemataceae: d a, | 
elle Lithoderma, Mesospora, Microspongium, Mee | P 
Nemoderma, Petroderma (2), Ralfsia, Symphyocarpus. u A 

3. Elachistaceae: Elachista, Giraudya (?), Halothrix, Leptonen, our? 

; 5 | ^ 

Symphoricoccus. , (D riti 
E Py eathesiaceae: Corynophlaea,  Cylindrocarpus, Leathe, 1 E. 
Myriactula. | ae 


Go Mesogloeaceae: Analipus (?), Bactrophora, Caepidium (2), Cy, j 


tagnea (incl. Eudesme), Cliordaria, Gontrania, Haplogloea, Hate RG 


phycus (?), Heterochordaria (?), Mesogloea, Myelophycus C), Myg BAT 
cladia, Myriogloea, Sphaerotrichia, Strepsithalia. E. À 
6. Acrotrichaceae: Acrothrix. B i schl 
7. Spermatochnaceae : Chordariopsis, Halorhiza, Nemacystus, Spe 2 
matochnus, Stilophora, Stilopsis. des 
8. Splachnidiaceae: Splachnidium. P ‘Me 
(c) Polystichous forms: | Bon 
9. Punctariaceae: Corycus, Desmotrichum, Litosiphon, ong] of tl 


phyllum, Phaeosaccion, Phloeospora, Punctaria, Stictyosiphon, Yq, Bof 


thosiphonia. | 
10. Asperococcaceae: Asperococcus, Isthmoplóea, Myriotrich Ind 


Petalonia (Phyllitis, Ilea), Protasperococcus, Scytosiphon, Striaria M ‘M: 
11. Encoeliaceae: Chnoospora, Cladochroa, Colpomenia, Dein Ee 
clathrus, Iyengaria, Soranthera. E ‘Ma 
12. Dictyosiphonaceae: Coilodesme, Delamarea, Dictyosiphon, Do Cop 
tothamnus. | Ce. 
| 0 
| Soc. 
E Ect 
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Order II. TILOPTERIDALES 


The few filamentous Algae included in this order are usually found 
in the sublittoral region, often at some depth, and so far have ben 
recorded almost only from the Atlantic shores of Europe and North 
America (68) p. 136).! Although widely distributed, they are sporadic | 
in their occurrence and are mostly found only for a brief period during 
spring (@3) p. 59). Asa consequence our knowledge of Tilopteridales 
and especially of the life-cycle, is imperfect. Certain peculiar 
features, in particular the large motionless monospores formed | 
singly within a sporangium (fig. 50 B), have been given divers | 
interpretations. 


The order was created in 1855 by Thuret (29) who, recognising that 
the Ectocarpus Mertensii of Harvey ((7) pl. 132) possessed motionles | 
monospores, assigned it to a new genus Tilopteris. Subsequent | 
Kjellman (Go) p. 3) added a second genus Haplospora, later studied | 
more fully by Reinkea9). To this genus Bornet (G) p. 363) refer 
Ectocarpus Vidovichii Kütz. (E. geminatus Menegh.), although Kuckuc | 
(13) subsequently placed this species in a distinct genus Heterosp™ 
Bornet ((3) p. 370) also established for Ectocarpus pusillus Griff. j | 
pl. 153, 69) (E. ostendensis Askenasy (x) p. 785) a genus Acinetospth M 
distinguished by the production of large scarcely mobile spore? 5 


0 
1 The Scaphospora (?) Kingii of Farlow ((6) p. 67) is probably a form 
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gia. Later Sauvageau (22) showed that A. pusilla 
as well as unilocular sporangia, and referred it 
He also concluded that there were no grounds 
tion of Heterospora and Acinetospora. Since the 
Heterospora Vidovichii becomes A. Vidovichit, 
d here. Sauvageau ((22) p. 117) draws attention 
between Ectocarpus crinitus Carm. ((3) p. 361) 

Newton ((16a) p. 211) lists it as a variety of 


the plur 


eric separa 
latter name has priority, 

nd this has been followe 
B the close resemblance 
and Acinetospora pusilla. 
the latter species. 


for the gen 


VEGETATIVE FEATURES 


As the preceding paragraph shows, nearly all Tilopteridales have in 
the past been placed in the genus Ectocarpus, which is due to the 
imilar habit and arrangement of the reproductive organs. The well- 
branched plants, which possess a heterotrichous habit, form tufts 
attached to diverse substrata, those of Tilopteris often occurring on 
mud-covered rocks. The prostrate system is incompletely known, but 
Sauvageau (@3) P- 74) describes a compact basal disc in Tilopteris 
(fig. 48 A) and Reinke’s data (&9) p. 108) for Haplospora indicate a 
similar condition. The erect filaments of Acinetospora (incl. Hetero- 
spora) are uniseriate throughout (figs. 48 F, G; 49 A), but in Tilopteris 
and Haplospora (fig. 48 J) the lower parts become multiseriate and in 
their regular septation recall a Sphacelaria. Growth in the Tilopteri- 
dales is, however, always intercalary (fig. 48 F), the diverse branches 
usually terminating in hairs (4) with a basal meristem (me). In 
addition to this well-marked trichothallic growth, the longer threads 
usually show other regions of active division (fig. 48 G, me; (9) p. 106), 
as in some species of Ectocarpus (p. 54)- 


The branches generally arise from the top of the parent cell, but in 
Acinetospora both they and the reproductive organs commonly grow 
out from its middle (fig. 49 D). In A. pusilla the numerous short and 
spine-like branches serve to link the filaments with one another, as well 
as with those of other algae (œ) p. 30, (3) p. 357). Rhizoids, which some- 
times show longitudinal division, often arise in some numbers from the 
lower cells. The cells contain a considerable number of chromatophores ; 


Pyrenoids are only recorded in Acinetospora Vidovichit ((3) p. 295, 
(26) p. 165). 


THE REPRODUCTIVE ORGANS 


SE of the order are the globose or oblong monosporangia, 
laterals ( generally situated at the ends of short, often one-celled, 
spora pala 48 L; 49 A, m), although commonly sessile in Acineto- 
they occu a (&2 p. x10). In T ilopterts, where they are usually paired, 
the oO RD intercalary position (fig. 48 B, m). As a general rule 
Which is ontents are liberated as a single monospore (fig. so A, B), 

usually provided with a firm but delicate membrane. The 
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ide aperture of the sporangium is in Tilopteris lateral in 
48 E). The cytoplasm of the spore 1s markedly alveolar 

f the nucleus into four or more (up to twelve) 
certain instances been reported before the 
Germination has frequently been observed 
ly occurs within the sporangium (fig. 48 


ition (IB: 42 4. 
positi ( ). Division o 


(fig. PA so A) has in 
"on of the Spore. 
and not uncommon 


(23) p. 81) formation of a rhizoid (fig. 48 K, 7) is followed 
py the outgrowth of a thread (e) from the opposite end; subsequently 

body of the spore may become divided by septa in diverse directions 
m 8 N, m). A similar type of germination 1s recorded ((19) p. 116) 
Eiter, although in cultures division of the quadrinucleate spore 
into four parts, prior to the outgrowth of either rhizoids or threads, was 
Sech Reinke regarded this as the normal method of germination, 
but this is not supported by Sauvageau’s observations. In Acinetospora 
pusilla (ai p. 113), A. Vidovichii (G3) p. 298), and Tilopteris ((s) p. 14) 
a new generation producing monospores has been grown from the 
monospore. i 

Plurilocular sporangia are known in all genera and are always 
accompanied by monosporangia. In Tilopteris (G), (9) P- 6) and 
Haplospora (Go) p. 130) they are usually situated at or near the bases 
of the branches (fig. 49 E, H, pl), although in Haplospora they some- 
times constitute the entire lateral. The numerous small compartments 
of these sporangia (fig. 49 E, pl) contain only one or two chromato- 
phores and form a single series surrounding a central hollow (č); the 
individual compartments open separately to the exterior. The 
swarmers in Tilopteris (fig. 49 G) (€+) p. 182, (9) p. 7) are hyaline 
with a red eye-spot (s) and are stated to resemble the spermatozoids 
of Fucus; Reinke’s incomplete data for Haplospora ((19) p. 133) indicate 
similar features. The plurilocular sporangia of. these two genera in 
fact show most, if not all, the characteristics of antheridia and, since 
Thuret’s time, have generally been interpreted in this sense. 

The plurilocular sporangia of Acinetospora, on the other hand, are 
en nature ((3) p. 356, (26) p. 166)." They are always terminal 
Si SCH aterals, possess relatively few and large compartments, and 

out a pronounced central hollow (fig. 49 D). The swarmers 


! Those described b ; 5 
JSS CIES, y Hauck ((8) p. 221) for Ectocarpus geminatus (Acineto- 
Sora Vidovichii) do not belong to this species. de 
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ommonly behave as aplanospores, are large and 
| chromatophores (@:) p. 33). They germinate 
nd grow into plants again bearing plurilocular 
tly Dammann ((s) p. 15; cf. also (3) p. 368) records 


poe the “antheridia” of Tilopteris (fig. 49 J, f) large, dark 
at 


brown comp 


(fig. 49 


h are liberat [Sp 3 í 
to short filaments, although the majority fail to germinate. 


e that these large compartments are to be compared with 


of which : 
row out Si 

is possib 1 
E of the plurilocul 


occur in the same organ as produ 
Unilocular sporangia, producing a number of large swarmers 


similar to those of the plurilocular sporangia ((22) p. 109), are recorded 
only in Acinetospora (fig. 49 C, F); the swarmers are devoid of an 
eye-spot. In A. pusilla they are found on the same plants as bear the 
plurilocular sporangia, whilst in A. Vidovichit (G3) p. 299) they 
apparently occur on distinct individuals; in the former species the 
zoospores have been observed to germinate within the sporangium. 


ative reproduction takes place readily from fragments of the 
threads, which easily form rhizoids ((19) p. 109, (2) p. 116, (23) p. 77). 
Sauvageau ((23) p. 84; cf. also (s) p. 15) also records the formation of 
akinetes from the prostrate system and the lower polysiphonous por- 
tions of the erect threads in Tilopteris (fig. 50 C, D, a) and suggests that 
these structures constitute a means of perennation. 


Veget 


THE PROBLEMS PRESENTED BY THE LIFE-CYCLE 


In Haplospora there are two kinds of individuals (19), the one producing 
monosporangia only, the other (fig. 49 I) with monosporangia and 
the above described “antheridia”. The second was first recorded 
(G1) p. 29) as a separate genus Scaphospora? (cf. also oi p. 179), but 
since Reinke’s memoir Scaphospora speciosa Kjellm. (incl. S. arctica) 
has generally been regarded as a phase of Haplospora globosa. There 
appear to be no vegetative differences between the two plants. Reinke 
established that the Haplospora-individuals liberate a quadrinucleate 
s d provided with a definite membrane (fig. so A), whereas 
mem c rene of the Scaphospora-plants set free a naked uni- 
FON m (fig. 5o B, m). In Haplospora the monosporangia are 
i es y orne terminally on short lateral branches (fig. 50 A), whilst 
= E A (Go) p. 127) they are partly immersed in the threads 
cell (figs y SC after a longitudinal division from half the parent- 
monosporanı 1, m; so B); both halves may, however, develop into 

eeptionalls the - the latter may be produced without division. 
spora-indi lly the sporangia occupy a similar position on the Haplo- 

Adıviduals ((19) p. 112). 


1 Capsicarpella speciosa (rei p. 26). 
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These facts led Reinke to conclude that there was an ise 
alternation between an asexual Haplospora-phase producin 
nucleate monospores, homologous with the tetraspores of Di ti 
and a sexual Scaphospora-phase bearing oogonia and antheri 16 
monosporangia liberating naked uninucleate spores on fee the 
viduals being interpreted as female organs.! Nienburg (5; ELS 
+ also 


(s) p. 21) described synezesis and an indistinct diakinesis stage 
monospore-formation in Haplospora globosa, thus affordin 


Morph; b 


durin 
& Some 


Fig. 50. A, B, Haplospora globosa Kjellm.; A, liberation of quadrinucleate 
monospore; B, liberation of uninucleate monospores on the Scaphospora- 
individual. C, D, Tilopteris Mertensii (Ag.) Thur., formation of akinetes. 
a, akinete; c, chromatophore; m, monospore; n, nucleus; sp, sporangium. 
(A, B after Reinke; C, D after Sauvageau.) - 


evidence for the occurrence of a reduction division, although the data 
for halving of the chromosome-number are scarcely satisfactory. 


those who have studied this genus (4,11,19) report a great scarcity 0 


Scaphospora-individuals; on the shores of Heligoland, where Haplo- 
spora is frequent, Scaphospora has never been found (17). 

In Tilopteris Mertensii Reinke (roi p. 156) observed two, four, of 
sometimes more, nuclei in monospores provided with a membran 
and derived from plants bearing these structures only. He therefor 
and of 


* Brebner’s ((4) p. 178) record of the presence of “antheridia”, Cus 


uni- and quadrinucleate monospores on the same plant, has been 1° 
as an abnormality by various subsequent writers. 
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individuals in question represented the asexual 
t the ‘es, while the plants previously recorded by 
this Lun "both monosporangia and “antheridia”, were 
hich ing the sexual phase. Reinke thus assumed that 
ed as BB he same isomorphic alternation as Haplospora, 
Dach $ Rer genus there is no difference either in position 
though in the the monosporangia of the asexual plant and the 
gm between of the sexual individual; no cytological data are 
0 E (4) p. 181) found but few individuals of Tilopteris 
able Ges hile the monospores in his material were always 
, 


nucleate. : 
dand uni s as to the nature of the life-cycle has been 


d by various authorities (12) p. 178, (3), (16) p. 92, (18) p. 175), 
epte o evidence of fertilisation, nor of any attraction of 
atozoids by the naked uninucleate monospore (14). There is 
Pee ore sent nothing to show how the diploid state is re-established ; 
Le tie Haplospora- and Tilopteris-plants bearing monospores only 
yet, SE and the observations as to the occurrence of reduction are 
then there must be a nuclear fusion to restore the diploid 
state, A further objection lies in the absence of any parallel for the 
complete similarity between monosporangia and female organs as is 
postulated by Reinke’s theory. Sauvageau also emphasises the great 
range in size of the uninucleate monospore, a feature which is very 


unusual in a sexual cell. 


Acinetospora, in which “antheridia’” are unknown and the mono- 
spores are always uninucleate and provided with a membrane before 
liberation ((13) p. 295, (22) p. 110), does not fit into the theory at all. 
Kylin (bei p. 306), in fact, regards this genus as having no affinity with 
the others. It must be recognised, however, that Acinetospora shows 
considerable similarities, both in structure and other respects, with the 


other two genera; much emphasis cannot be laid on the absence of 
longitudinal division. 


ucleate ` 
)spora- i 
inetes, 


gium. À somewhat different complexion has been put on the problem by 


Ee Cn that Tilopteris liberates two kinds of reproductive 
e data which SP urilocular sporangia, viz. “‘spermatozoids”’ and others 
y. All re epee the units produced from the plurilocular sporangia 
city of Mon z the two species of Acinetospora (p. 151). The latter may 
Japlo- disclose QM gametes! ((s) p. 18), and further investigation may 
would then pee of antheridia in Acinetospora. The Tilopteridales 
this view the manne BEY comparable to that of Cutleriales. On 
€ relegated to the sporangia, of the sexual individuals at least, would 
` Sein Position of accessory asexual reproductive organs, 
A d stoe eus ratio 


pluri- 
Y Tecor ` 
esis, ded in cult 


ur, or 
brane 
refore 


n(25) that the swarmers may produce a succession 
or unilocular sporangia, in view of the frequent 
ures of Ectocarpales, does not speak against this 
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an interpretation which Sauvageau has maintained since 189 


ome individuals possess these structures Gray ` 
0 ` 


The fact that son EE nl d 
paralleled by what 1s known of the distribution of reproductive = 8 
in other series of the lower Brown Algae. Bang di 
j 
Sauvageau regards the monospores as organs of vegetative pro N 
tion comparable to the propagules of Sphacelariales, a view based] Paga. jw 
on the structural resemblances between them and the propa N D: 
Choristocarpus (P- 297). The monospores of Tilopteridales a he of 5 
ever, clearly spores and the organs which produce them sport B 
They are better interpreted as* modified unilocular sporangia a i 
p. 169) which, so far as present evidence gọes, have altogether replies B 
the usual type in Tilopteris and Haplospora. A cytological study ed a 
alone shed light on these matters and settle the rôle of the GE n P 
sporangia, which are known in Acinetospora only. In this genus m i : 
may prove to be the seat of the reduction divisions, whilst in the o mu i 
two, on present evidence, these would appear to take place in d D 
monosporangium of the asexual individuals. Acinetospora seems to he i 
the most primitive member of the order. i 
In their trichothallic growth and simple filamentous habit the 1 
Tilopteridales appear as an offshoot of the Ectocarpales. They show : 
specialisation, however, in diverse respects, viz. in the monospores, 2 
in the differentiated “‘antheridia”, in the tendency towards a multi: d 
seriate construction, and in the specialised unilocular sporangia of 
Acinetospora. On the other hand the affinity with Sphacelariales, 
which some have supported, does not appear to be based on any 
strong evidence, and, such resemblances as there are are likely to be 
due to parallel development. The correspondence between the pro- , 
pagules of Choristocarpus (p. 297) and the monosporangia of Tiloptert- € 
dales is, however, certainly striking. The distinctive features are e 
sufficiently marked to warrant regarding the Tilopteridales as an order í 


allied to, but distinct from, the main body of the Ectocarpales. 

The genus Masonophycus, established by Setchell and Gardner 
(en p. 141) and doubtfully referred to this order, is distinguished by 
the possession of tetrasporangia producing four cruciate spores. At 
present so little is known about it, that its reference to a separate 
family (24) appears premature. 
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on any 
ly to b 
2 > Order III. CUTLERIALES 
ilopteri- Cutleria and. Zanardinia, the 
onl : i 
Rue mui hardly e M To 3 GE members of this order, 
us Hamer Ae ire. he anisog ctocarpales on the basis of their 
= | id M ERE. sam E sexual reproduction, however 
Gardner Whilst the alternating eee ofthe men specialised Phaeophyceae, 
ished by isomorphic to heteromorphi ions of C uileria imply an advance pom 
De RSS S EE rphic alternation which is probably signi 
presents n of specialisation. T ife pus 
te presents vm e . The life-cycle of Cutleria 
iscussion (p. 165) and ions, but these will be reserved fo l : 
o sss à and the normal sequence will fi b 4 SCH 
SE SEH rst be considered: 
the sublittoral region À , Gs), (37) p. 21) are S i 
ADU annuals, occurring 
period of th gion for a few month i l s 
P E oreh O nths during the favourabl 
BORNE? inly confined . multifida and C. adsper. x 
72 1891: Northern ad to the Mediterranean c i (oe OD eee 
GH m RUE ! ; e former known also i 
oc, Bris Whilst the Medite te found in relatively shallow wat dr 
nn, 1930 epths of 20= rranean C. monoi water (goa) p: 74) 
Phycologl ranched ba 80 metres. C ica (Co), Goa) p: 115) occurs at 
seit Se band-shaped thall imde DEE repeatedly 
1878 K- lei allus, u 3 1 : 
Si en m e plane and NET cm.in length; all the branches 
à ee se] in tufts of assimilatory hairs (4) 
er, whilst C. adspersa (fi Ge 
a (fig. sx I) hasa 


EE Ve PT 
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Fig. 51. Habits and young stages of Cutleriales. A, D, E, G, Cutleria 
multifida (Smith) Grev.; A, mature gametophyte; D, young plant; E, early 
stage of germination of zygote; G, sporophyte (Aglaozonia-stage). B, C, P: 
1, C. adspersa (Roth) De Not.; B, C; two successive stages in development 
of gametophyte; H, young sporophyte (Aglaozonia-stage); I, mature gameto- 
phyte. F, Zanardinia collaris (Ag.) Crouan, part of an old plant, showing ? 
number of young ones (ad) developed adventitiously. a, free assimilatory fila- 
ments; ag, the Aglaozonia-crust; c, the column of the Aglaozonia-stag®s 
r, rhizoid. (A after Thuret & Bornet; B, C, H after Sauvageau; D alte 
Kuckuck; E, G after Falkenberg; F after Reinke; I after Janczewski, from 
Oltmanns.) \ 
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hallus bearing numerous assimilatory hairs along 


a-shaped : : 
; e gametophytes bearing gametangia of two kinds 
ar distinct individuals which may show certain 


inds of gam. 


. 175 
rus (ea altus of considera 
G). These crusts are apparently perennial and represent 
">, phase in the life-cycle ; they grow permanently submerged 
ant p tophytes and can evidently flourish at appreciable 
ne e long regarded as species of a distinct genus, 
i own, however, that A. parvula (A. reptans) 
eof C. multifida, A. melanoidea (28) that of C. adspersa, 
ithe nP sa that of C. monoica. The Aglaozonia-stage produces 
er surface dense sori of unilocular sporangia (fig. 54 A), 
c E s of which reproduce the gametophyte. 

Zanardinia collaris Crouan! ((4), (22), (23) P. 69, (24) p. 320, (es) P- 286, 
(9 p. 71) which is probably perennial, is likewise a deep-water form 
known mainly from the Mediterranean, although it is reported from 
the Azores ((35) P- 29) and occurs as far north as the Channel Islands. 
The thallus (fig. 51 F), which takes the form of a rounded disc, 
leathery in texture and 4-20 cm. in diameter, somewhat resembles a . 
shallow Peziza; older plants are often irregular in shape with parts ` 
of the margin worn away. The discs sometimes possess a slight stalk 
(cf. fig. 52 G) and their edge is fringed with assimilatory hairs (fig. 51 | 
F, a). The plants are either sexual or asexual, the two generations | 
being alike; the sexual phase is monoecious (fig. 53 B). In both 
genera reduction occurs at the first division in the unilocular sporan- 
gium (38,39). 


'THE SEXUAL PHASE 


[| 
| 
| 
Although so different in outward habit, the gametophytes of both | 
ien show essentially the same trichothallic mode of growth-and 
the Sit See structure (23,25). The peripheral assimilatory hairs, 
two su er which contain abundant chromatophores, usually form 
DE posed series (fig. 52 A). At the base of each hair lies an 
outside mene (fig. 52 A, B, m), giving off segments both to the 
engthenin. o the inside. Those cut off externally contribute to the 

8 of the hairs, whilst those formed below the meristem 


Under; 
and, er transverse and longitudinal septation (fig. 52 A, B, G) 


` S 9 
tissue (à Ome tangential enlargement, fuse to form the compact 


e of the thallus a short distance beneath the individual 

; his is pro 
(Gp. 165) Ge the Zonaria collaris of Harvey (reel pl. 3 59). Feldmann 
ts that this species should be called Z. prototypus Nardo. 
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Fig. 52. Structure of thallus in Cutleriales. A-D, G, Zanardinia collaris tha 
(Ag.) Crouan; A, radial longitudinal section of growing margin; B, the sam’ Sori 
from above; C, part of transverse section of disc, some way from growin B 
margin; D, transverse section near margin; G, vertical section of young die 
somewhat diagrammatic. E, Cutleria multifida (Smith) Grev., Ge 1 
Section of Aglaozonia-stage. F, H, C. adspersa (Roth) De Not., ce hay 
transverse sections near growing margin of gametophyte. a, assimilata the 
hair; br, branch; h, hair; m, meristem; 7, rhizoid; t, compact thallus. (ae e 
sA Falkenberg; E after Kuckuck; G after Reinke; the rest after Sauvageal. 
? 
; | 
2 à 
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„jate branches (fig. 52 B, br), which arise, as in the 
ems: Uniser of Ectocarpus or as in Elachista, from the segments 
allic species add to the number of assimilatory hairs and lead 
the meristen | ning of the thallus. The branching of C. multi- 
cessive ee failure of the filaments to fuse. The gameto- 

.. due t9 FE are thus produced by congenital fusion of 

t alli of Cu threads which appear as separate entities in and 
y ous Ur of the meristem. 2 
beyond the uni (fig. 52 A) or transverse (fig. 52 D) sections 

Ih radial long us margin of the disc of Zanardinia ((23) p. 71, Gei 

e grow of the two superposed sets of threads can be traced 

es into the compact thallus. The several layers 

ant (fig. 52 C) originate from them by division 

composing the ST e A). The inner segments Eur 
arallel to E outer undergo plentiful anticlinal division. In trans- 
enlarge whi E through the margin of the disc (fig. 52 D) the cells are 
verse Soe: largely by crosswise division, as in many polystichous 
| Ge The structure and mode of formation of the thallus of 
Cutleria adspersa (ef. fig. 52 F, H) is almost identical (es) p. 298). 

C. monoica differs in so far as the assimilatory threads exhibit con- 

2 siderable branching also above the meristem; as a result the apical tufts 

A appear relatively bulky ((32) p. 17). Attachment to the substratum is in 

Si both genera effected by a mass of little branched rhizoids growing out 

i from the lower cells (ai pp. 60, 69, (25) p. 290). 

% Adventitious branches (fig. 51 F, ad), recorded in both genera ((23) 
pp. 63, 70), originate from surface-cells which grow out into a tuft of 
assimilatory hairs ; these soon acquire intercalary meristems and develop- 
ment proceeds in the way above described. 


th 
Bee roducts 


back for long distanc 


Across-section of the mature thallus (fig. 52 C) shows several layers 
of cells which only differ in the larger size of the internal ones. In 
3 Zanardinia the.upper surface of the disc consists of vertical rows of 
small cells (figs. 52 G; 53 B). 

CAN of Cutleria (@3) p. 65, (56) are borne laterally on 
partu reads which arise in tufts on both surfaces of the thallus 

Ppear as irregularly scattered, dark-coloured excrescences to the 


naked e e (fie, . S 
simple T E Du The threads bearing the female gametangia are 


Male organs are plent 
male Sametangia ma 


ed (fig. 53 A), whilst those bearing the numerous 
ifully branched (fig. 53 G), although occasional 
y arise directly from the superficial cells. In 


ollaris Mardini the gametang; : ; 

x that sprout e ngia are situated terminally on simple threads 
an a om the upper surface (fig. 53 B) and form ill-defined 
; disc, oth t 
Ypes of : Br oe 
SE E gametangia are multiseriate! and set free the gametes 

have, ing to à 
vs dei Hers of rue uchi(38) the male gametangia of Cutleria multifida 
A + ter Oe ave mor, h Sl: 4-7 tiers of 4-8 cells; in Zanardinia(39) 
i 5 with 24 cells € than 30 tiers, each of 8 cells, while the female have 


rai 
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separately from each compartment. The dark-br 


( own fem 
tangia have relatively few and large compartments 


ale | 
fig. Same, 
( 8 53-4, f) cag 
ith nu 
of the anter 
e Inserted, The 


of which produces a swarmer (ovum; fig. 53 F, o) 
chromatophores; an eye-spot (s) is attached to one 
chromatophores and at this point the two flagella ar. 


| I 
sma 
4.1 
Tow 
whi 
(fig 
gro 
Sch 
tanı 
Fig. 53. Sexual reproduction in Cutleriales. A, C-G, Cutleria multi l 
(Smith) Grev.; A, hairs with female, and G with male, gametangia; ^^ ^ Spo 
two stages in fertilisation; E, fertilisation; F, male and female gametes: E 
B, Zanardinia collaris (Ag.) Crouan, part of a sorus of gametangia in Gen t | 
€, chromatophore; f, female and m, male gametangium; h, hair; 0) E x 
3 and sp, male gamete; s, stigma. (A, G after Thuret & Bornet; Be bi 
4 Yamanouchi; the rest after Kuckuck.) 
3] 
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; Il chambers, each 
tangia possess numerous sma ; 

NETS Eet (fig. 53 F, sp), with an eye-spot (s) 
p minute kon of the flagella. Kuckuck (G7) p. 15) states 
2 he point o lacking, but according to Yamanouchi a few 
romatopho e (cf. also () p- 1031). 

nes are Gr soon withdraw their flagella and round off (fig. 53 
female cells dition they are fertilised by a male cell (sp) which 
ie lourless end of the female ((6) p. 424). At the time 
he ce of the female is in the resting condition, while 
T Bes 22 separate chromosomes ((38) p. 458, (39) 
aN Be ion of a membrane follows and germination ensues 
‚T e sec . 
L immediately. 


es at t 


THE ASEXUAL PHASE 


i the zygote of Zanardinia gives rise to a diploid 

| Sa in Ser respects indistinguishable from the 
mn be and develops in exactly the same way ((39) p. 16). In 
M Pon the other hand, the zygote gives rise to the Aglaozonia- 
um as was first established by Falkenberg ((6) p. 427), although the 
existence of alternation was suspected by Reinke (ran p. 69). The 
zygote produces a short erect thread (fig. 51 E, c), attached to the 
substratum by rhizoids (r) and later undergoing longitudinal division 
to form a club-shaped upgrowth, which not uncommonly bears an 
apical tuft of hairs (fig. 55 B, h). This column (foot-embryo of Church 
@ p. 86), however, remains small and meristematic activity soon 
becomes restricted to its base (fig. 51 E, ag) and results in the forma- 
tion of a parenchymatous crust (fig. 55 B, ag). This is the Aglaozonia- 
stage, which continues to grow by means of a large-celled marginal 
meristem ((17) p. 15) till it may reach the size of a human hand (fig. 51 
G, H). Attachment is effected by a number of septate, little-branched 
thizoids (fig. 54 A, r). 


BE (figs. 52 E; 54 A) the two surfaces are bounded by 
A m Lich enclose 2-3 layers of larger ones. The crusts of 
rows of i i (Gs) p. 302) are appreciably thicker and there are several 
which ae E on either side. The upper surface bears tufts of hairs 
(fig. 52 E) rM € usual basal meristem and are often somewhat sunk 
groups parall E of A parvula are stated ((16) p. 101) to form linear 

el to the direction of growth of the thallus. The dark 


Colour of A 5 
OLA melanoidea i > 
tannin in the ngewe eae according to Sauvageau (ei p. 305), due to 


As above 


E Both ms 

Sa Deg e ini and Cutleria. (fig. 54 À, G) the unilocular 
ection: N dense sor} SC by tangential division of surface-cells and appear 
feni to fo € Spor. © upper surface. The segment, which grows out 
ae SE angum of Cutleria, cuts off a basal cell so that the 


Éparated b 


Y two layers-of cells (fig. 54 A) from the large 


ublic Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 
164 CUTLERIALES 


inner ones ((x6) p. 102); in Zanardinia there are 3-5 of 
The nucleus of the sporangium divides successively (f 


hese layer, ` 


the first divisions being meiotic (fig. 54 B-D). Cleavage ent E, EM 


after the full number of nuclei have been formed, and A m Only 
Sta e 


Fig. 54. Asexual reproduction in Cutleria multifida (Smith) Grev. A, vertical 
section of Aglaozonia-stage, with a sorus of sporangia; B, uninucleate 
sporangial initial, formation of nuclear spindle; C, the same, synezei 
D, the same, diakinesis; E, quadrinucleate stage, late telophase; F, metaphase 
of third nuclear division; G, ripe sporangia, one dehisced; H, samt, 
c, chromatophore; r, rhizoid; sp, sporangium. (A, G, H after Kuckuck; the 
rest after Yamanouchi.) 


the numerous chromatophores are grouped about the individui 
nuclei, In Cutleria multifida usually 8 (sometimes 16 or 32) swarms 
are produced, whilst in Zanardinia there are only 4 ((s9) P- 24) "7 
The zoospores are liberated through an apical aperture forme A 
gelatinisation of the wall (fig. 54 A, G) and closely resemble the fem 
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Both in zoospores and gametes Yamanouchi 

E row of deeply staining granules connecting 

brane, the outermost granule lying at the 

and p. e flagella. ; 

r et? d fred to a substratum in the way described 


Ie zoospores bo multifida (66) p. 103) they give rise to an erect 
In Cutie attached by one or more branched rhizoids (r). 

(fg. 55 F, °) this thread is probably diffuse, but an intercalary 
D near its base which cuts off numerous segments 
poor de These produce successive branches (fig. 55 G, br), 
on its lower 9! similar mode of growth, and, as they multiply, become 
ich exhibit d to one another. Later, the parts of the threads bélow 
closely em meristems coalesce to form a compact cylinder (fig. 55 
the indivi h bears the free threads as an apical tuft (cf. fig. 51 D). The 
HI phic linder soon branches and so the mature thallus is gradually 
SE véi C. adspersa Sauvageau (@s) p. 322)! describes a similar 
Eu A here the cylinder widens into a funnel (fig. 51 B) which 


ce but D . it 
S ; double row of threads along its margin, a condition very nearly 


identical with that found in Zanardinia (cf. (23) p. 75, (39) p. 28). Later 
m funnel splits longitudinally (fig. 51 C) to form the mature fan- 


shaped thallus (fig. 51 I). 


THE PROBLEMS PRESENTED BY THE LIFE-CYCLE OF 
‚CUTLERIA (63) p. 163) 


The life-cycle of Cutleria has mainly been investigated at Plymouth @), 
Naples (6,23), Heligoland (6), and in the Adriatic (17). “Part of the 
population no doubt follows the cycle described above, although the 
time of development and of fertility of the two generations of 
C. multifida varies with the geographical location (cf. also (13) p. 165). 
Thus, at Plymouth, Church (€) p. 76) found the gametophyte at its 
maximum in summer (cf. also (14) p. 72) and no longer represented 
in October, whilst at Naples it occurs chiefly from December to April 
(9; cf. also (x) p. 21 1). The sporophyte is most abundant at Plymouth 
in October and November and becomes fertile in March and April, 


vertical 
et e nue (66) p. 98) it fructifies in the late autumn. At 
ynezesi; HOT where the gametophyte is very rare, the Aglaozonia-stage 
Su. England en June and August ((6) p. 100). In the north of 
Mn the is unkno € sporophytic stage is frequent, although the gametophyte 
wn, while on the shores of Scandinavia it is much more 


abund : 
ant and more widely distributed than the latter (2) p. 17, 


dividual 99D. ror, (9) p: 54). 

5 : 
m | Ge GC and Naples there is, thus, a certain seasonal sequence 
a ad by the favourable © phases, the sexual one being represented only during 
| Period of the year, whilst the perennial asexual phase 


mile à 
e fe +, ! Based on the RR 
; germination of parthenogenetic ova (cf. p. 166). 
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becomes fertile a few months before the sexual one 
maximum; these facts tend to indicate a norma] alternation 
(34) has recently, in cultures undertaken at Naples, non 
Aglaozonia-plants! from the zygotes, while Sauvageau (30) en aie i 
recognisable sexual plants from the zoospores of the Aglaozon; tained I 
Parthenogenetic development of the female cells has SN e 
been recorded. Germination is rather slow and the rod enti 
diverse; sometimes they resemble young Cutlerias, sometim cts are 
are more like Aglaozontas, and sometimes they are of an inem the 
or rudimentary character. À similar diversity has also ediate 


: IN E OCCasio 
been encountered in the products of germination of A. 
iq- 
zoospores. a: 


In Cutleria multifida Reinke ((23) p. 67) and Falken 
observed sexual fusion only and unfertilised ova failed to exhibit 
further development. On the other hand, Thuret (G6) p. 242: of d 
(37) p. 22) and Church (@) p. 82) record parthenogenetic developmen 
only, and both state that in the habitats studied the female plants wem 
in the great majority. The germination-stages obtained by these en 
investigators were, however, fundamentally different, those of Thuret 
(from the English Channel) apparently resembling the young fila. 
mentous stages of Cutleria, whilst those of Church were young Aglao- 
zonias (cf. also (17), (25) p. 347). Parthenogenetic development is also 
recorded by Crouan (3) from Brest and by Derbès and Solier ((5) p. 60) 
from Marseilles. It has likewise been observed in Zanardinia (ol 
p. 17), although only early stages of germination were obtained. 

Comparable data are available for Cutleria adspersa. The male and 
female gametophytes are widely distributed and equally common in 
the Mediterranean, although the corresponding Aglaozonia-stage has 
been found only in one or two localities (@s) p. 354). Janczewski 
(Gx) p. 212) found that the female cells germinated only after fertilisation 
and that they gave rise to young Aglaozonia-stages. Sauyageau, on the 
other hand, both in the Mediterranean (29) and in the Bay of Biscay 
(@s) p. 312), where male plants are more abundant than female, failed 

to obtain sexual fusion; the ova in his cultures, however, likewise 
developed into recognisable Aglaozonia-stages (Gei p. 335): The 
numerous germlings found on the mature thalli of the gametophyte in 
nature (cf. also (31)) were partly Aglaozonias and partly young Cutlerias 
(fig. 55 C), while a few were of the filamentous type to be described 
below (“forma Church”). Sauvageau concludes that all these had 
probably developed without sexual fusion, although the possibility of 
some being derived from fertilised ova is discussed. e 
The faculty of the female cells to develop apogamously clearly varies: 
Schlösser (34) was able to stimulate unfertilised ova to further develop; 
ment by treatment with various chemicals and by centrifuging; 
resulting plants produced oogonia. If strong centrifugal force 
applied during the first division of such ova, sterile Aglaozonia-stag 


berg ((6) P. 42j) 


* The species is not stated. 
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ted of being diploid, but for this there is at 


suspec 

ical proof f the Aglaozonia- 
og d that many of the zoospores o the Aglaozonia 

SE into branched upright filaments, 


89 
(2 P: 97^. loped 
| multifida Ny d bearing antheridia, a form 


D U : ir lower part an. | 
tained | sage nal diii Puno (as) p. 25 1) and described by him as 
Stage pr ; counter is strange, in view of the scarcity of male plants at 
uent alre confervoides, hurch obtained only antheridia in these cultural forms. 
ts are pymouth that = a dimorphism of the two sexes under certain condi- 
S they his may DË also (13) PP- 166, 178). In some of Church's fila- 
lediats SCH m A eg D the lower part broadened ‘into a small 
nally mento stag and such germlings are usually described as the forma 
nig, Aglaoxonia (ag 329). Kuckuck(6) at Heligoland obtained from 

Church” (@s) M res recognisable female Cutleria-plants, as well as 
een ane and the “forma Church”, in this instance with 
fr) the con f ss 1, f): The zoospores of A. melanoidea (27,30) afford in 
f m oogonia VE filamentous Cutleria-stages, but also a few Aglaozonia- 
Se I'm those of A. chilosa have produced confervoid stages with 
S Were SN as well as the ‘forma Church” (33). 
ES The considerable diversity in the products of germination of 
PN arthenogenetic ova and zoospores is not easily elucidated. The 
‘clan, flamentous forms obtained by Church and others from zoospores 
S also may well be cultural stages of the normal dioecious gametophyte; they 
p. 60) recall the precociously fertile sporophytic stages. met with in diverse 
1 (Go) Ectocarpales under conditions of culture. On the other hand par- 

thenogenetic ova produce not only fresh gametophytes,* but evidently 
e and rather more frequently Aglaozonia-stages which must presumably be 
on in haploid, Zoospores can seemingly also produce such.stages, which 
e has then arise as a vegetative outgrowth from the hase of the primary 
i flament (“forma Church”, fig. 55 I); this likewise suggests the 
Se existence of haploid Aglaozonia-individuals. The probable occurrence 
Hey of many haploid Aglaozonias in nature, presumably originating in the 
failed first place by apogamous development of female cells, has been 


E by Sauvageau’s observations ((32) p. 21) on Cutleria 
ud An apogamously produced plant of Aglaozonia chilosa was 
Ived to give rise (fig. 55 E) hy vegetative proliferation to new 


ewise 


The 


yte in C 
PU Culeria-plants (8). 
2 be Survey of the facts (41) p. 406) indicates that, side by side with 


a o 
E pu. there is in many regions extensive apogamous 
Production of ha CG female cells, which results for the most part in the 
act, it would a Ploid Aglaozonia-individuals. In diverse localities, in 
aploid and det as though the majority of these stages may be 
aploid zoospores E possibly propagate themselves indefinitely by 
€ SWarmers of h : tho same time, however, the female cells and 
the haploid Aglaozonias can evidently also give rise 


‘Si 
. Ince the 4 D 
a la i 
direct multi tie sage of C. adspersa is rare in the Mediterranean, 
of this species by parthenogenetic ova is possible. 


ty of 


plicati 
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actual state of affairs can probably only be 
= tological study of Aglaozonias in different 
J duction of Cutleria-stages from haploid 
egetative means is a widely distributed pheno- 
(G2 P- 25» (33)) evidently believes, remains to 


THE AFFINITIES OF CUTLERIALES 


ed development of the cae in paie 2 shows analogies 
Them in Elachistaceae (p. ) In view, however, of the 

m “filamentous nature of the gametophyte in the latter, 

us in vegetative features is unlikely to imply any close 
the Ba. far as present evidence goes, the Cutleriales must be 
as a direct development from the primitive heterotrichous 
carpoid stock with its trichothallic growth, isomorphic alterna- 
ES and marked. tendency towards oogamy (p. 122). Sauvageau 
jon 6, 356, 69); laying special stress on the Aglaozonia-stage 


a5) pp. 30 : 5 
KE many points of resemblance to certain Zonarias 


(p. 308), believes in an affinity with Dictyotales. p V 

There can be little doubt that alternation in this order is primarily 
isomorphic (8) p.24 5,4). The appearance of an Aglaozonia-crust as a 
basal outgrowth from a gametophytic filament in the “forma Church” 
(fig. 55 1), usually after the latter has undergone longitudinal septation 
in its lower part, suggests that the column of the normal Aglaozonia 
is an arrested and sterile structure, homologous with the Cutleria- 
thallus, Sauvageau (sei p. 330) has, in fact, pointed out that in the 
“forma Church” the Cutleria-threads are often borne at the apex of 
ashort, but evident column. ‘The typical sporophyte shows a clear 
derivation from a heterotrichous ancestry, the column representing 
È Ta the crust the prostrate system. The fact that the latter is 
Us secondarily does not appear to be of significance. The 
s ND E ius other hand, shows no trace of heterotrichy. It 
He, GE ominance of the erect system that leads also in 
eel Ave Ce puma formation of an upright growth. It is to 
gametophyte EM generations of Zanardinia and the Cutleria- 
of the ne It t S trichothallic growth characteristic of many 
Whereas the 4 p members of Ectocarpales (cf. also Sporochnales), 
Which is NS T Mie show the marginal (apical) growth 

: ably met with in the prostrate system. 


dien © instances di : à . 

a Olli, Plants arige m discovered by Sauvageau, in which new Cutleria- 
ozonit, (cf. fig, 55E) N from the Aglaozonia-stage of C. monoica 
tion System in what : rate the presence of both parts of the heterotrichous 
nent 0 possi at ts to all j E AC BOR 

venir i Ssibly affor as intents and purposes a single individual. They 
hizo Min Cutleria 2 Icture of the ancestral condition when the alterna- 
aged". dE an isomorphic one between two heterotrichous 
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individuals, neither system of which necessarily showed th Be, 

tion seen in the present-day forms. In the course of further eciali 
the sexual individual lost the prostrate and the asexual one an Sage 


system, except for the relic preserved in the shape of the cole 99 
Such an interpretation explains inter alia the frequent as E Sr | 4 w 
of gametophytic threads bearing sex organs with a pr Osten I s | 
zonia-crust (‘forma Church”, fig. 55 1). This condition iS eyid 0. se 
not confined only to the precociously fertile gametophytic . ently mat 
since, according to Gran ((9) p. 25), Aglaozonia-stages can ait E m 
young Cutlerias which already show definite coalescence of iM Tom die 
The view that the heteromorphic alternation of Cutleria is d Ge 
from an isomorphic one accords with the occurrence of SE 2 
morphic alternation in Zanardinia. Young plants of the latter d No. 
many resemblances to the early stages of development of C. adspery nou! 
(@s) p. 289). H 
Oltmanns (Gi p. 120) looks upon the Aglaozonia-stage as a ne 20! 
structure originating from the base of the Cutleria-plant and to E d «a 
the production. of unilocular sporangia was gradually relegated, This E 
necessitates the assumption that at one time asexual organs were borne du 
upon the Cutleria-plant itself; since they occur on identical individual (Gat 
in Zanardinia, this is quite plausible. The Cutleriales are, however dor 
clearly related to the Ectocarpales with their marked heterotrichy, em On 
it seems far more likely that the Aglaozonia-stage represents a further is 
development of an ancestral prostrate system than that it is a new o 
structure. An elaborate development of the prostrate system at the Yan 
expense of the upright one is well shown also in other series of Phaco- 39: 
phyceae (cf. Sphacelariales, p. 281). e 
194: 
LITERATURE OF CUTLERIALES 

I. See No. 21 on p. 43 (Chadefaud, 1931). 2. CaurcH, A. H. ‘The poly- 
morphy. of Cutleria multifida (Grev.). Ann. Bot. 12,.75-109, 1898. 3: J Th 
CnouaN, P. L, & H. M. ‘Observations microscopiques sur l'organisation, hig 
la fructification et la dissémination de plusieurs genres d’Algues appartenant Th 
à la famille des Dictyotées. Bull. Soc. Bot. France, 2, 439-45, 644-52; eg at 
4. Crovan, P. L. & H. M. The same. Ibid. 4, 24-9, 1857. 5. DER ba bee 
& SOLIER, A. J. J. ‘Mémoire sur quelques points de la physiologie » E 
Algues.” C. R. Acad. Sci. Paris, Suppl. 1, 1-120, 1856. 6. EAD | p 
‘Die Befruchtung und der Generationswechsel von Cutleria’ Mitt, AN Th 
Stat. Neapel, 1, 420-47, 1879. 7. See No. 64 on p. 142 (Feldmann; i vil 
8. Fritsch, F. E. ‘The algal ancestry of the higher plants. Qo H SC 
15, 233-50, 1916. 9. GRAN, H. H. ‘Algevegetationen i Tønsberg! p G Ber 
Vidensk. Selsk. Forhandl. Christiania, No. 7, 1893 (1894). 10: en Se th 
"Sur la limite de la végétation dans la Manche, etc.’ C. R. Acad. Sea alt 

176, 1568-70, 1923. xoa. See No. 95 on p. 142 (Harvey, Sot 
II. Janczewski, E. Note sur la fécondation du Cutleria SE 12: 8) 
affinités des Cutlériées.” Ann. Sci. Nat., Bot. v1, 16, 210-26, T uci A h 

KJELLMAN, F. R. Handbok i Skandinaviens Hafsalgflora. A "o 5 
Stockholm, 1890. 13. See No. 125 on p. 143 (Kniep, 1928). on p. 18 B. s 


No. 133 


No. 76 on p. 15 (Knight & Parke, 1931). 15. See 


CC-0. In Public Domain. Guruki 


SA Ce 


ul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation. Chennaïi and eGangotri 


LITERATURE 171 


. “Ueber den Generationswechsel von 
). 16: Kuckuck, P » Wiss. Meeresunters., Helgoland, N.F. 
(Engl. Poo 147 on p: 144 (Kuckuck, 1929). 18. See 
1899- I Sech 19. See No. 159 on p. 144 (Levring,. 
144 (Kyle, le Cutleria monoica n. Sp., gamétophyte de 
k^ C. R. Acad. Sci. Paris, 185, 566-8, 1927. 20a. 
a Fa Ollivier 1930). 2I. See No. 182 on p. 145 (Olt- 
SA KE t Ueber das Wachstum und die Fortpflanzung 
22. e Monatsber. Akad. Wiss. Berlin, 565-78, 
lungsgeschichtliche Untersuchungen über 
Nov. Act. Leop.-Carol. Acad. 40, 
6 on p. 145 (Reinke, 1880). 25. SAUVAGEAU, 
e de générations.” Ann. Sci. Nat., Bot. 
1899 (see also Bot. Gaz. 29, 277-80, 1900). 26. See 
22 (Sauvageau, 1904-5). 27. SAUVAGEAU, C. ‘Sur une 
s l'alternance des générations de Cutleria.’ C. R. 


‘ 52 OF lication dan à 

nouvelle comp. -41,1907. 28. SAUVAGEAU, C. ‘Sur la présence 

“open , Biol. Be de ‘dans la Méditerranée.’ Ibid. 62, 271-2, 1907. 
de ee C. ‘Sur la germination parthénogénétique du Cutleria 

sany 2 di 64, 698-700, 1908. 30. SAUVAGEAU, C. ‘Sur la germination 
o which fl $0. Bes de l’Aglaozonia melanoidea. Ibid. 64, 697-8, 1908. 3L 
ed. Thi Gen C. ‘Nouvelles observations sur la germination parthénogénétique 
re bome |. A Curia adspersa” Ibid. 65, 165-7, 1908. 32. See No. 240 on p. 146 
ome y UVAGEAU, C. ‘Sur le rôle des Aglaozonia 


TM 1). . SA 
lividualy f. Gang M ne C. R. Acad. Sci. Paris, 198, 133-4, 1931. 
owever, 8 SCHLÖSSER, L. A. ‘Zur Entwicklungsphysiologie des Generations- 
chy, and Ge von Cutleria Biol. Centralbl. 55, 198-208, 1935. 35. See No. 142 
| further on p. 17 (Schmidt, 1931). 36. See No. 280 on p. 147 (Thuret, 1850). 
S a new 37. Taurer, G. & BORNET, E. Études phycologiques. Paris, 1878. 38. 
n at the YAMANOUCHL, S. ‘The life history of Cutleria.’ Bot. Gaz. 54, 441-502, 1912. 
f Phaeo- 39. Yamanouchi, S. “The life history of Zanardinia.’ Ibid. 56, 1-35, 1913 

(see also ibid. 48, 380-6, 1909). 40. ZANARDINI, G. Iconographia Phyco- 

logica Adriatica. 11. Venice, 1865-9. 41. See No. 299 on'p. 148 (Fritsch, 


1942). 

e Order IV. SPOROCHNALES 

58. 3 jk The members of this order (x) are distinguished by the possession of 
ee my organised sporophytes which bear unilocular sporangia only. 
52, 1855. H at A give rise to minute ectocarpoid gametophytes bearing 
guis, fr he and oogonia (ts-x7). Although sexual fusion has not yet 
ore d | ES a its occurrence`in nature can scarcely be doubted, 
a. Zei Ä ‘The en favourable to the development of these plants. 
n, 195) | Wih oogam a 2 thus show heteromorphic alternation combined 
pu ` sporophyte ue this, no less than the peculiar characteristics of the 
M i. genera, EE their being regarded as a distinct order. The few 
zi. Part their chief cana ne single family Sporochnaceae, apparently have 
a Ough a US £ distribution in the Southern Hemisphere, 
uH ochnus ped I ot species are widely distributed in warmer seas; 


unculatus (fig. 56 A) and Ca A 
m ; rpomitra costata (Stackh.) 
Terae Kütz, ; fig. 56 D) are rare British seaweeds. 


at ae and Perithalia are known only from Australia 
S, and this is true also of a considerable number 


] ow (C. Cab 
eo 
Belotia, En 
Eise 
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of the species of the other genera. À few species of Nereia o 
Mediterranean and on the west coast of Africa, while those ay in the | 
mitra are found on the western shores of Europe, on the Pacis Bt) 

i ia 


C coap f 


Fig. 56. Habits of Sporochnales. A, F, Sporochnus pedunculatus (Huds) Agi 
A, part of a plant; F, fertile lateral. B, Bellotia eriophorum Harv., pari ai 
fertile plant. C, Nereia filiformis (J. Ag.) Zanard. D, E, Carpomitra id 
(Stackh.) Batt.; D, small part of thallus; E, fertile tip enlarged. a, assum! i 
threads; ax, principal axis; m, midrib; 7 (in E), annular swelling CRE after 
$, sorus. (A, photo: R. Cullen; B after Harvey; C after Kützing; D, 
Sauvageau; F after Kjellman.) 


B 

‚Sporochnis 
asts of Pu € 
Certain spe! E 
presence 


of North America, in South Africa, and Australasia. 
represented in the Australian seas and on the west co 
S. pedunculatus occurring as far north as Scandinavia. 
found in the Northern Hemisphere possibly owe their 
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«ng? bottoms. All Sporochnaceae tend to grow below 


SI in deeper water. 


on à 
l, often I 
THE SPOROPHYTE 


Nx Bee der are moderately large seaweeds, charac- 
D phe men fh fact that the apices of all the branches of a growing 
"ied bY ened by 2 tuft of free, unbranched assimilatory hairs 
e, 4). Each of these lengthens with the help of a 
basal meristem, but these meristems take no part in the | 
‘actual dip raon SE pedunculatus (4) pl. 56 | 
; fg. 6 A) is a short-live annual (Ge) p. 713 à») p. i 
j 33 ranched cylindrical axes, up to 45 cm. in length Cee 
mümerous branchlets of limited growth, each of which terminates in 
such a tuft of hairs (fig. 56 F). Re 
Encyothalia (© pl. 62, (9) P- 238) has a similar habit. Nereia 
omis (6) P: 57> ao p. 67; fig. 56 C) is less richly branched; the 
laterals of limited growth are here not always so clearly defined, while 
the apical tufts of hairs are particularly strongly developed. In 
Pellotia eriophorum (6), (6) pl. 69, (7) p. 288, (9) p. 238; fig. 56 B) 
recorded from New Holland and Tasmania, the elongate lateral f 
limited growth arise in whorls. A rather different habit is seen = 
Carpomitra costata (@ pl. 14; fig. 56 D), in which all the branches of 
the irregularly dichotomous thallus are flattened and provided wi 
obs midrib (m); there are no laterals of limited zm an 
e various genera are specially distingui GE 
sori, In Nereia these show le P e 
always conspicuous, although th > O me 
| D branches frai p. SX Y C LET 2 mo the 
ncyothalia consti SEM ia (fig. 56 B, s) and 
In on Een in the middle of the DX 
occupying a longer or shorter y likewise develop on the laterals, 
htory hairs so that such fertil SC I beneath the mit of aning 
structures. (fig. 56 F, s) TH ue aterals appear as stalked pear-shaped 
are differentiated at the ti e sori of Carpomitra (fig. 56 E, s), lastly 
from which t e tips of the branches beneath Alba 
ee they are separated b th the apical hairs, 
dät Longitudinal sections (fig. 57) of annular swelling (7) (Ga p. 147) 
ra we E: SE uniformity V8: 57) E he mature thalli appear to show 
dai: ells which in C . They exhibit a number of longitudi 
- "e central cells sur are sometimes slightly cd oe ee 
Peripheral on 8: 57, mr) are elongate and col fe 9); 
phor es (c) are sh nd colourless, while the 
sted * In Nereia (f orter and packed with discoid chromato- 
> 2-]-celled 8. 57 A) the surface-layer b 
* paraphyses ( ` yer bears densely aggre-. 
are only produced į p), but in the other genera similar out- 
n Ra ME ital ders fertile regions. The mature thallus — — 
“tory hairs (a), Its SE (m) which lies beneath the tuft 
le of origin will be best understood ` 


a 


f this or 


uds.) Agi M. 


AA 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


174 SPOROCHNALES 
from a description of the early stages in develo : d 
known only for the European genera (62), (13) p. 45. NM Which Di 
The young plants, produced from the gametophytes n Li 
of a ‘simple erect thread with diffuse growth, TA rst consi i 
Sauvageau ((4) p. 157; fig. 58 F, H, K, e); this is Petition MI 
substratum by rhizoids (7). The proembryo soon becomes a to the | 
ated into three regions. The lower part, comprising a ro eren, 
narrower cells, constitutes a pedicel which in Carpomitra ic z often 
Some 


ENS CITES e» S. 
Tr RS 

EA, | d NZ 

$ ij 

i | 

I 


A 
X 
Fig. 57. Structure of Sporochnales. A, Nereia filiformis (J. Ag.) Zanard, Y 
longitudinal section of growing region of practically mature plant (after 
Kuckuck). B, Carpomitra costata (Stackh.) Batt., longitudinal section through 
apex, diagrammatic (after Sauvageau). a, assimilatory thread; b, meristem 
of same; c, cortex; 7, initial cell of wing of thallus; m, meristem of thallus; 
mr, medullary threads (midrib in B); p, paraphyses; 7 (in B), annular swelling; 
w, wing. 
Fig 
: ; : ; Auf 
length (fig. 58 I, p), although relatively short in Nereia (fig. 58 A-C, old 
this region plays no further part in the development of the mature old 
thallus. The upper part differentiates a basal meristem (me) and n i 
stitutes the first hair of the future tuft (a, ar in fig. 58 A-C, I, J). h sho 
single flat cell (fig. 58 I, m), situated between these two ri ba 
destined to give rise to the meristem from which the mature tt m 
a 


is produced, 
_ The cell in question (fig. 58 A-C, J, br, b2) undergoe 
division in various planes to form a progressively broa 


s longitudind f 
dening 1% 
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stematic plate (cf. figs. 58 D, G; 57 À, m). Both before and T 
the septation of the primary meristematic cell, success ditin fi 
tuberances arise on the upper side and gradually develop į Ve pro. Ó 
assimilatory hairs (fig. 58 A, B, a2, a3) ; the later ones origin Dec 
the individual units of the meristem as it broadens. Each E fro, 
meristem also gives rise on its lower side to an outgrowth (f Of the 
E, L, d), which lengthens into a downwardly growing multic get 
thread. The individual threads thus produced coalesce to e lul 
multicellular puer din body (fig. 58 G), WAE 

E 1 us and js int 

beginning of the future tha ntercalated (fig. 58 L) betwee 
warrantably speaks of a parenchymatous organisation. 39) quite u 

It is not altogether clear how long the addition of further th 
from the margin of the meristem continues. According to Saa A 
(G4) p. 171) only a limited number are produced in Carpomitra E 
further widening of the thallus takes place by periclinal divisions in 
threads, accompanied by a corresponding division in the cells of o 1 
meristem. Continued lengthening of the rows of cells thus produced à 
effected by horizontal division of the meristematic cells. The pedicel 
undergoes no further change and merely serves to raise the embryo 
above the substratum. Sooner or later the cells at the base of the young 
thallus grow out into bifurcating rhizoids (fig. 58 G, r) which gradually 
hide the pedicel and spread out upon the substratum. 

According to Sauvageau ((14) p. 179) only the midrib of Carpomitra 
(fig. 57 B, mr) arises in this way, the wings (w) being formed by peri- 
clinal division of the segments of an initial cell (z), recognisable just 
below the meristem (m) and regarded as a'reflexed marginal cell of the 
latter. Another distinctive feature of this genus lies in the development, 
from the margin of the meristem, of a horizontal tuft of coalesced 
threads with enlarged distal cells (fig. 57 B, 7) that ultimately gives rise 
to the marked annular swelling situated just below the apical tuft 
(fig. 56 E, 7). : 

Few details are available as to the mode of formation of tne branches. x 
Judging by a figure given by Kuckuck (G2) p. 76) for Nereia, it would 
seem that branches arise by cessation of division in a part of the mert- 
stem, the two portions this segregated developing respectively as a 
continuation of the main axis and as a branch. ° 


In the richly branched genera the numerous groups of assimilatory 
hairs must constitute an important photosynthetic system, and it 5 
significant that, in Carpomitra and Sporochnus, the sori are located in 
their immediate neighbourhood, These tufts of threads, so similar D 
those found in E/achista and in Cutleriales, here play no part at a 
the growth of the thallus, which is produced entirely rm s 
Separate megistem arising from an intermediate cell of the proem De 
It is indeed difficult to find a parallel among other Brown Algae 


the peculiar mode of thallus-development obtaining in the Spor i 
chnales. 
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f the sori has already been mentioned. In Nereia 
0 


i : osition ia (fig. 59 À; u) arise either from the 
to fy ra p aj ‚the the ie (p) or from the basal cells of 
Nate fron fl (eral te d end-cells of the paraphyses form a protective 
ell of "m e Ier SC eee ing genera the sporangia are borne on special 
ig 38) SE Ge grow out from the surface-cells only in the region 
Dec, fertile threads fertile threads of Sporochnus (fig. 59 B) and Carpo- 
form à of the sori. The e branched, with enlarged terminal cells, and bear 
ch is the mitra ( g.5 Gye ia (u) laterally. Those of Bellotia are elongate and 
) between the several Oe The sporangia open by a broad apical rupture 
quite un often nae The zoospores appear to be of the usual pattern 
(fig. 59 ^ Gauvageau describes those of Carpomitra as having a single 

"s Dm chromatophore provided with an eye-spot. 


tra, and e 

ns in the THÉ GAMETOPHYTE 

SE metophytes of Carpomitra 14,15) were discovered in 1926 by 
e pedis HMM a year later he described those of Nereia filiformis (6,17), 
> embryo and subsequently also those of Sporochnus pedunculatus (48) p. 122), 
he young although of the last only sterile prothalli have so far been found. 
SC Germination of the zoospores (fig. 59 E) takes place in the way 


described on p. 118, the contents of the embryospore passing into a 


room protuberance which divides further to form the gametophyte. In 


M Carpomitra and Sporochnus the cells of the resulting prothalli each 
ell of the possess only a single parietal much dissected chromatophore (fig. 59 F), 
lopment, which contrasts with the numerous discoid chromatophores found in 
soalesced those of the sporophyte. 

ziVes rise The prothalli are always ectocarpoid in form (fig. 59 C); those of 
ical tuft Nereia are usually dioecidus, while those of Carpomitra (fig. 59 I) are 


monoecious. In the latter the antheridia (an) are one-celled and 


andis ý Sch form terminal clusters on the ultimate branches. The well- 
En. SE male prothalli of Nereia (fig. 59 D) bear the numerous small, 
aaa cal antheridia (an) in a lateral or terminal position upon the 


Upper cells; the ant 


heridia are here two-celled ‘compartment 
Opens separately to and each comp 


colourless. and the exterior. In both génera the male organs are 
ne composed of uninucleate cells. There can be little 


doubt that each 
cell fo i > 
not so far been SE a single spermatozoid, although these have 


milatory 
and it is 
cated In 


milar to ef e : 

a in bon, are a which give rise to the proembryos by transverse 

om the B59 1, f): in @rpomitra enlarged terminal cells of elongate laterals 

embryo: m © prothalli Zog they occupy the apices of the unbranched 

Igae fo je male cells, So) So far only apogamous development of 
e 


e Ce t liberation of an ovum, has been observed. 
contents are ihe on of numerous antheridia from which the 
© One itis probable that fertilisation sometimes occurs 


© other hand, as Sauvageau ((4) p. 185) points out, 
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Fig. 50. Reproduction of Sporochnales. A, D, H, Nereia filiformis (J. Ag) 
Zanard.; A, longitudinal section of part of thallus, with sorus; D, young mi 
gametophyte; H, female gametophyte, with proembryo (pe). B, J, SP or. 
pedunculatus (Huds.) Ag.; B, sporangium-bearing thread; J, SE 
C, E-G, I, Carpomitra costata (Stackh.) Batt.; C, diagrammatic represent 
of gametophyte; E, germinating spores; F, two cells of the gametophjl) 
G, Sporangium-bearing thread; I, part of prothallus, with male and m 
branches. an, antheridium; c, chromatophore; d, dehisced cos 
f, female cell (?); p, paraphyses; sp, spore; u, unilocular sporangium: 
Kuckuck; B after Kjellman; J after Johnson; the rest after Sauvageal 
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tthe inflated terminal cells are not actually oogonia, 
a possible f the gametophyte giving rise vegetatively to a new 
Um i cells © rous antheridia, which are evidently functional, 
WE e The nume lain if this were so. The single chromatophore 


h D 
GE dificult to PE breaks up into numerous discs as the 


AFFINITIES OF THE SPOROCHNALES 


nales constitute à highly specialised group of uncertain 
| egards the characters of the sporophyte they stand 
nity. AS E d, while the gametophytes show resemblances to 
altogether jso. ont and Laminariales. The unicellular antheridia 
those of D with their colourless contents, are remarkably like 
of Nr. ve order, and there is also similarity in the position or 
those oft od oogonia. The two-celled antheridia of Nereia possibly 
E reduction from the plurilocular type. It is signi- 


indicate a stage 1 E. A 
m of the specialisation of the sporophyte that all indications of 


ichy have disappeared. 1 : 
Dol (Go) p. 48) assumed a relationship with Mesogloeaceae, 


whilst Oltmanns refers especially to Myriogloea (p. 85). It is difficult 
to detect any real affinity with either, since the mode of formation 
ofthe thallus in Sporochnales is quite unique. A certain intercalary 
cell of the erect filamentous proembryo divides to form the horizontal 
meristem from which the mature thallus arises as a system of down- 
vardly growing threads. This to some extent recalls the condition in 
Desmarestia, where the bulk of the thallus is produced from down- 
wardly growing cortical threads, although these here arise at diverse 
points along the uniseriate main axis. The analogy is heightened in 
certain instances observed by Sauvageau ((r4) p. 167) in Carpomitra, 
in which more than one transverse meristem arises in the course of 
à proembryonal thread. 
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Order V. DESMARESTIALES 


The three genera included in this order possess sporophytes 
considerable anatomical specialisation. Desmarestia is a widely distri 
buted lithophyte in the colder seas of both hemispheres. The come 
British species, D. viridis (Müll) Lamour. (() Pl. 312) and D 
aculeata (L.) Lamour. ((9 pl. 49; fig. 60 A), occur on the Atlantic 
shores of Europe and North America, extending north to Greenland 
(G6) p. 857), although they are absent from the Mediterranean, "The 
genus is well represented on the western shores of North America 
(from Behring Island to Southern California), and Setchell and 
Gardner ((3:) p. 245, (32) p. 559) distinguish a considerable number of 
species, of which only D. ligulata (roi pl. xx 5; fig. 60 C) is also re. 
corded from the Atlantic! Another group of species, in part with 
large thalli, occur in the Antarctic ((s) p. 149, (8) P- 36, (24) p. 182, 
(33) p. 16), while the monotypic Phaeurus is known only from the 
latter region. Arthrocladia, with the single species A. villosa (to) pl. 64; 
fig. 60 D), is found on most European shores (incl. the Mediterranean), 
as well as on the Atlantic coasts of North America. The Desmares- 
tiales, though sometimes found near low-tide level, usually inhabit 
the sublittoral region (@) p. 767, (4) p. 262, (19) P: 73, (2x) p. 384), often 
extending to some depth; in the Antarctic they play a dominant rôle 
in the sublittoral vegetation ((24), (33) Pp. 255), the most conspicuous 
species being D. compressa and D. anceps Mont. 

Arthrocladia, as well as certain Desmarestias (D. viridis, D. ligulata), 
are annuals, but other species of the latter survive for more than one 
year. Thus, in the European D. aculeata (fig. 60 A) the older portions 
of the thalli persist through the winter and give rise to numerous 
fresh shoots in the early part of the next season ((23) p. 175, (3s) P: 7} 
The plants always bear unilocular sporangia only,” and the zoospores 
of D. aculeata have been shown Go) to give rise to minute filamentous 


Showin 


resembling those of Laminariales. The zoospores of Se 

also develop into ectocarpoid growths, but these have so far ge 

only an apogamous production of sporophytes. 
1 Also reported from New Zealand ((1o) p. 217). i - | 
* The plurilocular sporangia recorded by Okamura (o) pl. 38) in ZE 


rena re are probably a result of confusion with an epiphyte (© 
P. 325), i 
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Fig. 60, f 

e of Desmarestiales. A, B, E, F, Desmarestia aculeata (L.) 
showing etes of new shoots (n) on last year's plant; E, small part 
Lamou als (D) of limited growth; F, winter condition. C, D. ligulata 


Bed of a plant, D 


aft » Arthrocladia villosa (Huds.) Duby. (B after 
er Newton; F after Taylor; the rest photos: R. Cullen.) 
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STRUCTURE OF THE SPOROPHY TE 


e species of Desmarestia are usually richly branc 
ne dimensions. Thus, D. aculeata (fig. 60 A) s, Pm of 
length of 2 metres, although the annual D. viridis is smalle ach a 
Antarctic D. compressa Reinsch may grow to 3 metres (es T. The 
D. anceps to 4 metres with an attaching disc up to 20 cm. m d 19), 
((8) p. 40), while the Pacific D. herbacea reaches 2} metres (Ga) meter 
Arthrocladia is smaller, though it may be nearly a metre en 

In a number of species of Desmarestia the diverse branches à 
thallus are narrow and subcylindrical,! although the Principal the 
appear always to show some flattening (cf. fig. 61 D). In the MEE 
ligulate species (D. ligulata, fig. 60 C; D. herbacea) this flattenin s 
more pronounced, and most of the branches are developed as ee 
expanses with dentate margins and often with more or less clear] 
marked midribs; there is, however, always a short cylindrical porti 
at the base of the whole plant and at the base of each branch. " 

All the branching generally takes place in one plane and the longer 
laterals are commonly arranged in opposite pairs (fig. 6o C, left) 
D. aculeata (fig. 60 E), however, shows alternate branching (G5) p.4) 
A characteristic feature of the growing plants, both in Desmarestia and 
Arthrocladia, is the presence of numerous, richly branched laterals of 
limited growth, appearing as short feathery tufts to the naked eye, 
These are distichously arranged in Desmarestia (fig. 60 E, l) and 
whorled in Arthrocladia (fig. 60 D). In Phaeurus ((34) p. 24) these 
laterals are coarse, unbranched structures forming a dense and 
relatively persistent covering to the longer axes. The thalli are usually 
attached by a broad discoid holdfast. 

The general plan of construction of the thallus is similar in 
Arthrocladia ((7) p. 224, @8)) and Desmarestia ((13), (22), (2s) p. 142, 03). 
Transverse (fig. 61 D, E) or longitudinal (fig. 61 B, C) sections 
through any part of the plant show an axial series of large and much 
elongated cells (a) which, in the older regions of a Desmarestia, have 
thick walls. In the mature parts these axial cells are surrounded bya 
broad cortical envelope (co) exhibiting differentiation into 4 few 
layers of small peripheral cells (p), packed with lenticular chromato- 
phores (fig. 62 A, c), and a wider inner region ; its large cells (fig. 6x8, 
D, co) contain few or no chromatophores and are elongate with blunt, 
tapering ends. Interspersed in the cortex of Desmarestia are more © 
less numerous smaller cells (fig. 61 D, hy), which belong to hyphae 
produced from the inner cortical elements (fig. 61 J, Ay), while t à 
cells. of the axial cylinder sooner or later become enveloped 2 
Special internal system (fig. 61 B, D, ds) composed of several layers 


5 . arate 
* This cannot be deemed a sufficient reason for placing them 1n QUSE 
genus ((29) p. 215). 


CH 
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Fig. 61. Structure of Desmarestiales. A, B, D, F-H, J-O, Desmarestia 
EE) Lamour.; A, apex of a growing thallus; B, longitudinal section 
of mature region showing axial cells and internal tissue; D, transverse section 
of mature thallus; F, formation of downgrowing branch from axial cell; 
he Wall of axial cell with pits; H, development of hyphae from cells of 
an, J, development of hyphae; K-N, transverse sections at 
SE levels behind the meristem to show development of the cortex; 
e cell In transverse section, with surrounding tissue. C, I, D. ligulata 
Rowing bra e of longitudinal section of young lateral branch; I, apex of a 
SCH neh. E, Arthrocladia villosa (Huds.) Duby, transverse section E 
Cortex: co. 4; axial cell; as, internal system; br, branch; c, primary cells of 
hy, hy Ko e, envelope of cortical cells; A, hair-like tip of thallus; 
axial cel] SE jn, meristem; p, superficial layer of thallus; s, cross ed 
Sa; E after S Pits, (A, D after Reinke; B, J after Söderström; C, I after 
uvageau; the rest after Jönsson.) 
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small cells with chromatophores. Arthrocladia lacks thes 
: € Com li 
cations. i 

The origin of the mature structure can be traced ; 
tufts (fig. 60 A) crowning the tips of the diverse br 
growing plants. Essentially the same features ar 
numerous laterals of limited growth referred to ab Y the 
more conspicuous in D. aculeata than in D. ligulata ((2) p. 52 far 
cells composing these tufts are densely filled with chromato Ch 
and they no doubt constitute an important photosÿnthetic an 
the growing thallus. Examination of one of the terminal Ka 
(fig. 61 A, I) shows that, towards the base of the evident à 

(a), there is an intercalary meristem (m) composed of flat 
cutting off elements both above and below. The fo 
terminal hair (A), the uppermost cells of which are constantly wear; 
away, and each of these segments usually bears one or two unbranches 
laterals (2), which lengthen with the help of a basal meristem, 

The numerous segments cut off below the meristem STOW out at 
their upper ends into uniseriate laterals (fig. 61 A, I, br) which an 
paired in Desmarestia and formed in whorls of four in Arthrocladia: 
at first these lengthen by means of a basal meristem. These primary 
laterals later produce delicate branches in Opposite pairs (sometimes 
whorled in Arthrocladia (28) p. 98) and thus arise the numerous short 
pinnate tufts that are arranged along the sides of the long axes 
(fig. 60 E, D. Subsequently the segments bearing the primary 
laterals exhibit further transverse divisions (fig. 61 I)—mostly two 
in Desmarestia—so that in the older parts only every fourth cell of the 
series usually bears laterals ((22) P- 334, (35) p. 7); since the axial cells 
gradually undergo marked elongation, the laterals ultimately become 
widely spaced. 

From the basal cells of the primary laterals, just below the inter- 
calary meristem, the first constituents of the cortical envelope are 
formed. According to recent accounts ((13) p. 9, (2) pp. 328, 335)! the 
basal cells cut off successively a number of small elements (fig. 61 A, ¢), 
which multiply by anticlinal division and gradually form a complete 
one-layered envelope around the elongating axial cell below the 
lateral (fig. 61 K, L). The cells of this envelope soon undergo periclinal 
division (fig. 61 M) and, in the further course of events, the outer layer 
thus produced (fig. 61 N, p) behaves as a meristem ((13) p. 9, (8) p. 9 
cutting off on its inner side successive elements which enlarge E 

lengthen to form the cortex enveloping the axial cells. Asa result 
the basal parts of the laterals are gradually buried (fig. 61 A, C). 


D the br 
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* Reinke ((25) p. 140; cf. also (11) p. 107, (35) p. 8) describes this SE 
as being produced from downgrowing and branching threads GEA DS 
the basal cells of the laterals, and a similar origin is recorded for that of ve not 
cladia ((7), (28) P. 98); later workers on D. aculeata and other species ha 
recognised definite threads. 
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(13) P- 10) the cells cut off from the superficial 
but show no further division, the meristem 
iclinal division to the progressive 

somatic 199, frequent anticlinal he 
pes gating uM of the axis. Its cells at first exhibit a palisade- 
ccom and de 2) and, both in this respect and in the faculty of 
fig. 61 Iv the internal tissue, this layer resembles the 
les (p. 226). In older parts of the thalli the 
istoderm ve_layers (fig. 61 D, E, p) constitute the main photo- 
me celled Ge Eeer sharply with the large and often nearly 
e cortex. It is not clear how long the meristoderm 
whether, as seems probable, it divides afresh in each 


7 0 onsson ( 
coding ayer enlarge, 


MP reor 
remains alder perenn > ù 2 
cal envelope arises, the meristems of the primary laterals 
As the cortic n above their base aad commence to divide like that at 
take up 3 Pen axis; the lower (inner) segments lengthen and divide 
the tip of the E aA Hie lateral becomes buried, so that its meristem 
in the same cans of the expanding axis. Such growth of the laterals 
remains at t eed in the ligulate (leafy) species of Desmarestia, where 
is EE meristoderm undergoes very plentiful anticlinal division 
ae cortical envelope rapidly broadens out to form a flat expanse. 


In Desmarestia the primary growth above described is succeeded 
by considerable secondary activity. The cells of the inner cortex grow 
out into narrow, septate, branching hyphae which push their way 
between the elements of the cortex and grow mainly in the downward 
direction (fig. 61 J, hy); at first their cells contain chromatophores. 
These hyphae constitute the small elements (fig. 61 D, Ay) seen inter- 
spersed between the larger ones in transverse sections. They are 
abundant in the older thalli and are specially numerous in the mid- 
ribs of the ligulate species; in D. aculeata they increase in number 
with each season ((13) p. 12). Those in the basal parts have thick walls 
and, as a result of extensive branching, form the bulk of the tissue 
a nu These structures no doubt fulfil a mechanical function 

N Connection it may be noted that the breaking strain of 

i may amount to 12 Ib. ((4) p. 37). 


t ee of the attaching discs hyphae vastly exceed in number 

composed Beh: The upper surface of these discs is, however, 

SS ilu à ical rows of rectangular cells (@2) p. 330, (35), which 

owing to the Ee on between the growth of successive seasons 

year (t3) p, 45 ¢ er length of the cells formed in the early part of each 
» 62) p. 340). 


furth 
e mu diy development, that sets in at an early stage, leads 
8.61 D, as). Thi an internal system of cells with chromatophores 
duced from the originates ((13) p. 13) from richly branched hyphae 
MR a aal cells, immediately surrounding the axial 
la ie Itections (fi eS In question grow both in the upward and down- 
FS Envelope ` 61 B, as) and become compacted to form a 3-4- 


a Small cells (fig. 6x O, as) with abundant chromato- 
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phores which directly invests the axial cylinder. It has bee 
(38) that this utilises the carbon dioxide of respiration which is “BResteq 
diffuse into the surrounding water (cf. however (3) P. 146) OS ) 
larger elements surrounded by a similar envelope of small caa Mal 
chromatophores may be observed in the inner cortex of olde A 
The large elements in question arise as downgrowing branch, l 
p. 26) of the axial cells or of their primary laterals (fig. 61 F). A es Dë 
to Pease ((22) p. 338) such structures are abundantly developed ; 
ligulate species of Desmarestia, where they constitute a bran 
system of large-celled threads connected directly or indirectly with qo 
of the axial row. They may also occur amid the hyphae of the atta i 
disc ((13) p. 27, @2) p. 339). In D. aculeata Jönsson ((13) p. 14) n T 
a further system of cells with chromatophores, produced Geier E es 
of those surrounding the axial elements and constituting a e 
hypha-like threads within the walls of the latter (fig. 61 H E a 
Spermatochnus, p. 93). » D; cf 
The elongate axial cells traversing all parts of the thalli are thu 
provided with more or less numerous branches, and the whole probably 
constitutes a conducting system ((13) p. 28). The horizontal septa of the 
component elements show fine pits, which are at first irregularly scat- 
tered, although later aggregated into groups, usually of 4 or 5 (fig. 61 0 
5); there is some evidence that these pits are traversed by cytoplasmic 
threads ((13) p. 34, (2) p. 339). Jönsson ((13) P. 31) also records pits in 
the transverse septa of the hyphae and, on the walls between the axial 
cells and the enveloping secondary system, numerous semilunar areas 
provided with a fine pitting (fig. 61 G). 


The growth of a main axis of a Desmarestia-thallus! therefore 
involves (i) the production from the intercalary meristem of new 
axial segments bearing laterals (fig. 61 A, I); (ii) the formation of the 
cortical envelope and its gradual increase in thickness by division of 
the surface-layer (fig. 61 A, K-N); and (iii) the secondary activity due 
to the production of hyphae from the cortical cells (fig. 61 J) and of 
downgrowing branches from the main axial series (fig. 61 F). In 
Arthrocladia only the first two stages of this growth are seen. Only 
a small proportion of the primary laterals develop into branches of 
unlimited growth. The majority cease to grow when they have reached 
a certain length, and at the end of the active season both the lateral 
and its meristem are shed; according to Pease (ai p. 333) such 
abscission takes place at a definite predetermined point. Simul- 
taneously the cessation of meristematic activity in the long axes 5 
marked by the shedding of the terminal tuft. In the ligulate E 
the basal parts of the branches are entirely buried in the flat Que 
of cortical tissue (fig. 61 C, br), within which they sometimes E 
as lateral veins, while in D. aculeata they persist for a time a 
thorn-like outgrowths (fig. 60 F), which are a familiar feature © 


differ 
1 The general structure and mode of growth of Phaeurus does not 
appreciably from that of a Desmarestia. 
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rowth is not taking place. In Arthrocladia 
y also records the origin of laterals of limited 
u (@8) P: erficial layer of the cortical envelope. 

7 aculeata the new growth in spring originates from 
Bee cals of previous seasons (fig. 60 B, n), or more 
0 D. axils of some of the thorns (en p. 386, (35) p. 7). 
k Es there are groups of cells derived from the axial series 

poin mall swellings; according to Jönsson (63) p. 6) such 
me remain dormant for one or more seasons or be 
ndiments TOY ested. They give rise to two shoots, only one of which 
permanent y long branch (65) p. 7); this may grow to a 


into a 
s ara of 30 cm. in a single season. 
eng 


THE REPRODUCTIVE PROCESSES 


The sporangia of Desmarestia, formed by tangential division of a 
urficecell (ig. 62 A, u), lie embedded in small groups in the super- 
feil layer of the cortical envelope ((12) p. 142, (s) p. 247, (27), Go 
In D. aculeata they are produced in winter after the tufts have been 
shed (06) p: 444). The sporangia are of small size and give rise only 
ta few zoospores; Abe (1) records reduction in the first divisions in 
D'uiridis. The zoospores of D. aculeata ((30) p. 562; fig. 62 E) possess 
asingle chromatophore (c) with the usual apposed eye-spot (s); it has 
not been possible to trace the origin of the long flagellum to this 
oint. 
In Arthrocladia (fig. 62 B, F, u) the sporangia form moniliform 
chains on the adaxial side of the branches of the first of second 
order of the whorled laterals of limited growth ((6), Q2) p. 139, 
(18) p. 22, (28) p. 99, (37) p. 336); each sporangium produces about 
A imens, Dehiscence by a lateral pore (fig. 62 F) is practically 
aneous in all the sporangia of a chain. Even young plants of 
Arthrocladia may already bear sporangia. i 
Ben of BE E (1,30) germinate according to the 
tnguishable at E Si , H). The two types of prothalli become dis- 
tels than the male (f Mop ie female (fig. 62 J) have larger 
thisce apically to ies ie ingle NR ee Ihe 
` Laminariales, RD ie € single female cell (0) which, as in 
emale gametoph z an adhering to the gelatinised aperture. 
nd com se 5 (fig. 62 K)are generally more richly branched 
nh dE cells which contain fewer chromato- 
groups at the E E 991ong antheridia (a) occur singly or in small 
iv only a Ae the branches, their highly refractive contents 


oidi iberated ee chromatophore. The solitary spermato- 
lon h 


8^ a narrow apical aperture (fig. 62 L 
be Dip e been observed. z p (hg. + Be 
D d H B 
SPorangia of GE and figures fusion of swarmers frem uni- 
Same individual: the germlings of these zygotes 
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Fig. 62. Reproduction of Desmarestiales. A, C, E, G, H, J-L, Desmar 
aculeata (L.) Lamour. ; A, section through part of a sorus; C, H, two E 
germination of spores; E, zoospores; G, the same after coming to rest; rd 
of a female gametophyte, with dehisced oogonium; K, male gemein ja 
L, part of same, liberation of spermatozoid. B, D, F, I, M, Arthog ja; 
villosa (Huds.) Duby; B, part of lateral showing the chains of gone 
D; zoospore; F, liberation of swarmers from sporangia; I, M, Ge j 
a, antheridium; c, chromatophore; cu, cuticle; g, oogonium ; m, sperm ir 
o, ovum; r, cells of uncertain function; s, stigma; sp, Spore; ee l 


after Johnson; the rest after Schreiber.) 
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formed from the zoospores, although they remain 
; r 
those 1° e 
gesomble £ Arthrocladia give rise to extensively branched 
sterile. zoospores o hs (fig. 62 L M) which appear to be all of one kind 
hous grow! ds bear at their tips and along their sides 


j cells (r) of uncertain function. In Sauvageau's cultures 
ode ce 


arose from the : 
SE them as oogonia developing apogamously. He also 
terprete 


btful antheridia (68) p. 112), exhibiting occasional de- 

he summit of narrower branches of the same 

ages found entangled amid the latter suggest 

alli. ions an origin from the escaped contents of the putative 

n Eer fate of these germlings was not ascertained. It 
ia 


d Bed whether these prothalli were normal. 
0 


uff 4 


d he jn 
an a ‘ced dou 
rec borne at t 


li. Germination-st 


may be 


DEVELOPMENT OF THE SPOROPHYTE 


of Desmarestia undergo successive transverse division 
(fg. 63 B, C) to form an unbranched pu thread (e). If the zygote 
becomes detached from the oogonium before germination, which is 
likely to be the rule in nature, the formation of branched rhizoids (r) 
gets in at an early stage. In the older embryos (fig. 63 F) plentiful and 
mainly opposite branching of the uniseriate primary axis takes place. 
Schreiber (Go) p. 574) draws attention to the similarity between such 
stages and one of the lateral hair-tufts on the adult thallus. 

When the embryo is 3 to 4 weeks old, corticating threads grow out 
from the lower cells of the main axis (fig. 63 D, E, c) in close apposi- 
tion to the cells below. As they undergo septation and develop 
branches, the lower part of the axis becomes covered by a continuous 
cortical investment (fig. 63 A, co). At the base of the embryo the 
threads diverge to form a group of rhizoids (r), but farther up their 
cells divide to form a several-layered cortex. At this stage the axis of 
the embryo develops, a little way below its apex, a definite intercalary 
meristem (m). The early development of Arthrocladia is unknown. 


The zygotes 


THE STATUS AND AFFINITIES OF 
THE DESMARESTIALES 


The general struct 
Arthrocladia and 


that, despite the 


UNES 
Porangia, a real a 


5 refer Arthrocla 
nclusion in a dis 


ure and mode of growth of the sporophytes of 
Desmarestia present so many points of similarity 
difference in the mode of arrangement of the 
pu IS evident. It is therefore hardly justifiable 
ge to a separate order ((28) p. 117), although its 
NE Inct family, as suggested by Kylin ((«7) p. 93), is 
on the nature of ree of our present knowledge. Much will depend 
Yt it is clear] © Sexual generation of Arthrocladia. In its Sporo- 
Y less specialised than Desmarestia. 
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The marked: degree of correspondence between th 
Desmarestia and those of Laminariales induced Schreib { 
actually to include the Desmarestiaceae in the la Y 
however, altogether unwarranted, in view of the 
ferences between the structure of the sporophyte ; 
The Desmarestiales are essentially uniaxial forms a 


fundamental 
n the two orde 


cquiring a pseudo. 


Fig. 63. Early development of Desmarestia aculeata (L.) Lamour. (after 
Schreiber). A, diagrammatic representation of the young plant; B, C, young 
embryos; D, E, development of cortex; F, older embryo. a, axial cell; 
6, cortical threads; co, cortex; e, erect axis; g, gametophyte; m, meristem; 
r, rhizoid. 


parenchymatous construction secondarily as a result of the develop- 
ment of a cortical investment. This cortical envelope is fundamentally 
homologous with the corticating threads of a Spermatochnus (p: 90) 
or Sphacelaria (p. 268). In the Laminariales, on the other hand, the 
parenchymatous construction results from the segmentation 0! 4 
primary filament; in other words the members of this order are hig y 
specialised polystichous types. The Desmarestiales must have their 
origin among uniaxial forms such as occur in diverse Ectocarpal@® 
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t mode of growth, there are considerable analogies 

e re of a Spermatochnus and a Desmarestia, as 

e bee clarly emphasised. The resemblances to Sporo- 
a 


(He . 179. - 

n cd scussed nos the Desmarestiales have lost all traces 
he sporophyte, the growth of the embryo being 
ar et as well as the high degree of elaboration in 
m the HIS d the specialisation of the gametophytes, 
d in a separate order. 
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Order VI. LAMINARIALES 


The sporophytes of Laminariales include some of t 

Be among Algae, while they surpass all other Et forms 
morphological complexity and anatomical specialisation 5 YCeae in 
tophytes, by contrast, are minute filamentous growths bet € game, 
oogonia or antheridia (fig. 90). Thesporophyte is usually diff Ing either 
into a cylindrical stalk or stipe and one or many blades or Ta tated 
main region of cell-division lies in the transition z inae, The 


} d- E one betw ; 
and lamina, and this intercalary growth constitutes a Stipe 
Ttant 


Fig. 64. Laminaria digitata (L.) Lamour., exposed at low tide on the coasts 
of the Faeroes (photo: F. Boergesen). On the left L. Cloustoni Edmonds. 
appears above the surface of the sea. On the rocks on the right are Rhodymenia 
and Gigartina. 


distinction from Fucales. More significant differences are, however, 
to be found in the processes of reproduction and in the nature of the 
life-cycle. The sporangia of Laminariales usually form extensive sori 
on the blades. 

The members of this order are for the most part lithophytes 
attached to rocks by elaborate holdfasts (fig. 65 N), although they are 
sometimes epiphytes or found on movable substrata (cf. (156) p. ` 
(173) p. 135).! They usually occur in the sublittoral region (fig. 64)an 


1 ED ` T h to 
Laminarias growing on rock fragments, which are not strong enoug 


ith thelr 
anchor the adult thallus, occasionally get carried out to sea together WE 
substratum. This sometimes occurs on a considerable scale ((21) P: 3 blocks 
plants of Laminaria Cloustoni and Saccorhiza sometimes bring ashore 


of rock weighing several pounds. 
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m a dense belt not far below low-tide limit 

com aly p of the thallus is deeply submerged; they some- 
reater DÉI | breakwaters. On North European shores 

$ ely below the characteristic Fucaceous 
ny of the larger Pacific forms, such as 
hored in relatively deep water, the 


natu 5 
" immediat 


re jon. Ma 
tis, are anc 


5 - dle 0 /goC ys i 
either ee isand ar the surface (fig. 75 A) by virtue of the great 
tiated fon ; alone floa stipes and the presence of air-bladders at the bases 
ari ie? SE geographical distribution is dealt with on p. 253. 

Ipe blades- 


of the 
PHOLOGICAL FEATURES OF 


; MOR 
ZC THE SPOROPHYTE 


Tue FAMILY CHORDACEAE 


(133) p. 35), an annual seaweed of gregarious 
Qnis um (ON nz in he en Hemisphere, though some- 
CH Bien tide-marks, is commoner in the sublittoral 
times ae hollow, whip-like, unbranched thalli (fig. 81 A) reach a 
ae of 8 metres, although rarely more than 4 cm. in width. 


Attachment 1s effec 


7 


» 


coasts } 


ted by a small discoid holdfast (d) and several 
thalli sometimes arise from the same base. In quiet. localities the 
plants may form extensive submarine meadows, the upper flagelli- 
form portion floating on the surface. Spiral inrolling is not un- 
common. In summer the thalli are often covered with hyaline hairs. 
C. tomentosa Lyngb., sometimes regarded as a variety of C. filum, is a 
smaller and rarer form, covered with an abundance of gelatinous 
hairs containing chromatophores. 

According to Kylin ((93) p. 27) C. filum continues to lengthen 
throughout the summer with the help of a meristematic zone situated 


onds. ashort distance below the apex. Sporangia, which differentiate pro- 
menia gressively from below upwards, cover a large part of the surface of the 
plant. The simple form of the thallus and the relatively unspecialised 
ever, internal structure (cf. p. 223) justify the reference of Chorda to a 
f the family of its own. 
> sori 
te THE FAMILY LAMINARIACEAE 
d One of the simpl T Se 
ye tuted by £ piest representatives of the true Laminariales is consti- 
ji Nort e aminarta saccharina ((64) pl..289), a widely distributed 
p elow VE usually occurring at and to some slight depth 
20 smoot Breng, It favours quieter water ((129) p. 180). The 
lt Wards of a met ipe, which is sometimes as thick as a finger and up- 
Jocks holdfas te in length, terminates below in the richly branched 


Characteristic 


above į 
St expands into 


of Laminariales generally (cf. fig. 65 N), while 
a flat, rather leathery lamina, reaching a length 


14 
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cellu! 
the ce 
of a { 
Thizoi 
Alrea 
branc 
(fig. 6 
levels 
time ( 


Am 
(Simp 
the sit 
Byl.( 
dimen 
4 met) 
Specie 
Amer] 
On the 
teachi 
(65, (1 
Margi 
Miyat 
Onone 
light. 
toit,” 


pie. 65. Laminaria. A, L. Cloustoni Edmonds., habit, B, L. Rodriguez! 
orn., plant with stolons, C, D, I, L. saccharina (L.) Lamour., plants 9 
various ages showing blade-renewal, E, F, L. Andersonii Farlow, two stage 
in formation of new blade. G, H, N, L. digitata (L.) Lamour.; G, H, tt 
young plants; N, attaching organ of mature plant. J-M, L. Sinclairit (Ha m 
arlow, successive stages in development of new blade. c, collar of split tissu 
at point of blade-renewal; d, attaching disc; f, sorus; h, haptera; m, developing 
medulla; nb, new and ob, old blade; s, slit; st, stolon; £, transition eee 
(A after Foslie; B after Bornet; E, F, J, K, L after Setchell; G, s 
Vian; the rest after Sauyageau.) $ 
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mmonly show rows of alternate elevations 

es: old proes y ruffled margin (cf. fig. 65 C). ` e 
i s wit! ‘es the principal formative region is situated in 
Me cen stipe and lamina (fig. 65 C, t). By its 
e radually increase in length during the growing 
fae ths of the year (fig. 65 C, D)! a new 


T 
A (nb) first "E 


e 
wich ne 

destruction it 

appendage s loc 

241) T m n 

i faces of the blade; they are usually produced only in 

son 134) p. II). 

usta n (fig. 82 A-D, I, p.224) are anchored by uni- 
i hizoids, but relatively soon radial and tangential divisions in 

ci the bottom of the developing stipe result in the formation 

Dk broadening disc (fig. 65 I, d) which is attached by 

nas emerging from its lower cells ((88) p. 250, (34) p. ro). 

Already towards the end of the first season, however, a whorl of 

branched haptera arises from the disc and from the stipe above 

(fg. 65 C, h) and further whorls are formed at successively higher 

levels on the latter as the plant grows older (fig. 65 N), usually at the 

time of the annual renewal of the lamina. 


Among other species of Laminaria with an undivided lamina 
(Simplices), L. solidungula J. Ag. is characterised by the persistence of 
the simple attaching disc throughout life (oi p. 7). L. longicruris de la 
Py (&) p. 15, (64) pl. 339, (139) P. 845, (141) p. 52) attains to appreciable 

mensions, with a hollow stalk reaching 5 metres and a broad blade 
a long and stated to become Ij metres wide ((189) p. 193). Both 
Pepe forms, occurring also on the Atlantic coast of North 
On the ee Cod. L. Japonica Aresch. (x7) p. 88), important 
reaching a total eer ae Siberia ((43) p. 35), is another large form 
et (17) P91) is ZE ot 12 metres. The Japanese L. gyrata Kjellm. 
marginal, meu inguished by the arrangement of the sori in small 

iyabe (pp. 711) d = transversely extended, groups. In L. religiosa 

On one and dä e thickened middle part of the blade is depressed 

light; the sori a on the other surface, the former always facing the 

toit. This species ee on the shaded side and are often restricted 
erefore affords 


indications of dorsiventrality. 


and coast there a 


, „B: 118, 


in August by a smooth one which lasts through the 


1 
On 
sena] Va ew Engl 
ij 


ppear to be two periods of blade- 
ruffled blade is fully developed in 


D 


= "e Y - "E 
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A number of species (e.g. the Mediterranean L. Rodri S 
(17); fig. 65 B; the Pacific L. Sinclairii (Harv.) Farl, (176) ee 
Arctic L. longipes Bory (120), (166) p. 591) produce, from eae 
the holdfast, horizontal stolons which sooner or lat ET 


tips and develop into new plants. er turn Up at their M 
L. saccharina represents a simple type of thallus Which is of th 
with but little modification in the early stages of deve] S TePeateq fast 
Laminariales. A different habit is, however, exhibited bU of all yip 
plants of the two other species of Laminaria comma = Mature yi 
European shores, viz. L. digitata ((64) pl. 223; L. ee ug mt 
(36), (101) p. 91), also found on the Atlantic shores of North A e Jolis E. 
and L. Cloustoni (L. hyperborea Foslie (100) p. 533); the latter merica, s f 
occupies a lower level (fig. 64) than the former ((s8) (on usually i 
(183)). In these species (Digitatae) the greater part of ‘He SCH In 
divided into numerous segments (fig. 65 A). L. dete S is travel 
pliable stipe (210), p. 325), while that of L. Cloustoni is firm be u 
wrinkled, usually bearing numerous epiphytic Florideae, The a 
of L. digitata form scattered patches on the blades (fig. 88 À or 
whilst in L. Cloustoni they appear as large irregular areas with Do fll | 
little free surface between them ((156) p. 188). The holdfasts ((37) p. s; way | 
5 m d 
fig. 65 N) resemble those of L. saccharina. arise’ 
Young plants of both species have an undivided blade and are in. 66 D 
distinguishable from those of L. saccharina (ei p. 15, (100) p. 54 hollo 
(134) p. 13). A new blade is formed in the same way during the winter A 
and this is at first entire, but, as it enlarges, successive short longi- phyll 
tudinal splits! arise within the lower portion, the first ones appearing pere 
near the outer margin (cf. fig. 65 F, s). Gradually the splits extend to stipe 
the front edge of the new lamina, which consequently gets resolved pron 
into separate segments (fig. 65 A, nb); the middle ones commonly (p) ( 
become completely free only after the old blade has worn away. In Ac 
subsequent years the new blade (fig. 65 E) likewise originates asa j of th 
dilatation at the summit of the stipe and becomes segmented in the auth 
same way. as in 
In some of the perennial digitate species such blade-renewal probably Im 
takes place repeatedly over a period of years, but this seems to vary with Y 
the latitude and depends on environmental conditions (56) p. 134) o 
Certain species are more long-lived than others. Sauvageau ((156) p: 14) n 
concludes that plants of L. Cloustoni persist for 10-20 years and Foslie d ic 
((37) p. 46) records old specimens with stipes 5 metres. long. According ne 
to Yendo ((06) p. 56), on the other hand, the Laminarias of Japan P ta 
for only two years and show only one period of Rot, SE 
L. ephemera Setchell ((168), (172) p. 92) (Renfrewia parvula GER Ge Cent 
(54) p. 51), an annual attached by a simple disc throughout life, ex^ Into) 
relatively little splitting of the blade. ^ Ous! 
1 The mode of origin of the splits in Laminaria and other Laminariales E 
re 


dealt with on p. 240. 
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ch are characteristic of the North 

le habit of a Laminaria saccharina, 

in their fronds. In Pleurophycus (046) 

sch Leg ege 606); which is probably an annual, the middle 
1 ; 


‘ 23» imulating a broad midrib and con- 
Tune : Pa ndo iu The blade of Cymathere 
with t 


mat edl 8) p. 20, (53) a7 


) p: 29 5) pl. 10; 
S SE E hout its length; it may be as much 


enera whi 


. broad, a 
parro” 7 E n and 22cm H 


2 The sori are restric 
m. 


e, = a discoid holdfast an 


d frequents relatively quiet water. 
(176) p. 609, (204) ;1 figs. 66 F; 70 A) the blade is 
t longitudinal ribs which project alternately 
66 I, r) so that three are visible on the one 
the surface opposite to each rib there is a 
while between the ribs there are numerous 
: i i i hed its 
n blade continues to widen after it has reac 
nes ce s eral perforations are formed in much the same 
i Sg arum (cf. below). In the young plant (204) the midrib 
RER de 66 C, E, r) and then, successively, the lateral ribs (fig. 


Ae sori occupy the longitudinal depressions, as well as the 


hollows around the perforations ((76) p. 237). 


ja ((8) p. 19 

In Costar SE 
traversed by five DE ; 
the two surfaces (cf. ng. 
d two on the other; on 
corresponding depression, 


A greater degree of specialisation is seen in Agarum and Thalassıo- 
Illum. The former (@) p. 18, (69), (134) p. 19), represented by several 
ax species in Northern Asia and America, has only a short 
stipe (fig. 66 B). The mature elongate blade is provided with a 
prominent midrib (r) and is pierced by numerous large perforations 
(p) (i p. 18, (65)) which are lacking in young plants (fig. 66 G). In 
A.cribrosum (A. Turneri Post. & Rupr. (126) pl. 22) the lower margins 
of the lamina are distinctly inrolled (70) p. 125; fig. 66 H). Most 
authorities (see (134) p. 18) state that the blade is renewed periodically 
as in a Laminaria, but according to Humphrey ((69) p. 200) there is 
continuous growth at the base as the apex wears away (cf. Alaria). 
The sort are formed on either surface of the blade. 

Young plants of Thalassiophyllum ((x70) p. 123) have a very short 
Se bearing a broad cordate blade (fig. 67 A), the lower margins of 
Geif oon thicken; growth in width of the blade continues for a long 

tan GE B, C) so that it soon becomes broadly reniform (fig. 67 D). 
Under l'Y Stage, as a result of unequal surface growth, the lower edges 

8° inrolling (s) and their thickened margins come to lie in the 


Cent B 
GR ine developing scrolls (cf. Agarum cribrosum). The degree of 


ously t ases as the blade widens (fig. 67 E), while simultane- 
J the median Part of the latter (b) undergoes progressive erosion. 


1 
Costaria rer 
1 d : s D D 
Neurop sis Gis) R Saunders (145) is a member of Lessoniaceae (Dictyo- 
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This ultimately results (fig. 67 G, H) in the co 
the two large scrolls, the basal parts of which have cie Pitti 


Ded tor | 


two arms diverging from the apex of the original sti to for 
The keels constituted by the thickened basal Bs (fig. 6 m 
are protected within their appropriate scrolls, b 


gins of the] "n 
ut the exposed qq 


Fig. 66. A, Cymathere triplicata (Post. & Rupr.) Ag., habit. B, G, H, SC 
cribrosum (Mert.) Bory; B, habit; G, young plant; H, basal part of older rs 
C-F, I, J, Costaria costata (Turn.) Saund.; C-E, young stages; B à A 
plant; I, basal part of a mature plant; J, transverse section of stipe. b, Pl Jes 
ings of blade; d, attaching disc; h, hapteron; i, infolded margin ora 
m, medulla; 5, perforation; 7, rib. (A, B after Postels and Ruprecht; 7 
after Reinke; the rest after Yendo.) 
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jades undergo progressive erosion and so 
ed (fig. 67; H, e). The meristem that brings 

less eee ent of each secondary blade lies along the 

d SE blades spread out, they develop numerous a 

el. AS "e p) which are arranged in longitudinal series 

: the edge of the perforations is at first 


ondary P 


ke 


fig. 67 Gr 


Fi. 6 
"7. Thalass;, 
Ven (es or clathrus (Gmel.) Post. & Rupr. A-H, successive 
V pation, a, the two anr mature plant; J, details of adventitious branch- 
fl ater p ie, eroded e: formed from the basal scrolls; b, primary blade; 
stels and Ru So blade; 7, hapteron;.p, perforation; s, scroll. 
Precht; J after Rosenthal; the rest after Setchell.) 
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revolute (838) p. 137). For a time the two Secondary blag 

uniformly (fig. 67 F), but later one usually takes the lead Se develo, 
and assumes a more or less erect position. As growth costi Su | 
basal portion elongates to form a false stipe (fig. 6 Res ity 
usually becomes twisted. According to Rosenthal (ane ); Which ln 
branches found on mature plants are all adventitious, or: 49) the 
from the lower edge of certain perforations close to the ve re i 
(fig. 67 J, br). The adult plants (626) pl. 18, (158) P. 136) when keel 
in dense thickets just below low-water mark, reach Oe a hee Brow 
about a metre. The thick twisted stipes (fig. 67 ll) ec ey of 
branches each terminating in a firm coriaceous blade Sa 
base and pierced by numerous holes. Anchorage is effected by ie Its 
(A) arising from the base of the original stipe. The sori form NO 
dark brown areas on the blades. Bular 

A less complex form is attained by the allied genus Hedophyllum Ip 

P. 27, (146) p. 429, (168), (170) p. 119, (205) p. 269), the mature Plants n 
which (fig. 68 A, B) are attached by numerous haptera (h) arising from 
the thickened basal margins of the blade. The young plant (fig, 68 C) 
has a short flattened stipe and at an early stage the base of the lamina 
becomes decumbent. In H. sessile (Laminaria sessilis Ag.; L. apoda 
Harv. (63) p. 167) the older blades split into two or more segments 
(fig. 68 A). In H. subsessile (fig. 68 B), however, the median part of the 
primary lamina wears away leaving two secondary blades (sb) at the 
ends of the thickened margins (m) of the former, which appear as 
bifurcations of the original stipe (s); the basal margins exhibit some 
inrolling “fig. 68 B), although this is more marked in H. spirale Yendo 
((120) p. 54, Posi), There is much resemblance to Thalassiophyllum, but 
the inrolling is not pronounced and there are no perforations. Hedo- 
phyllum sessile (170) p. 126) appears to constitute a link between the 
digitate species of Laminaria and H. subsessile which in its turn, via 
H. spirale, approaches Thalassiophyllum. In Arthrothamnus bifidus 
(Gmel.) J. Ag. (G) p. 25, (9) p. 14, (176) p. 619, (199), (202) p. 168) the 
primary lamina ultimately disappears completely except for its de- 
cumbent basal margins from which the secondary blades arise. The 
same process is repeated again and again and thus a dichotomising 
rhizome bearing numerous fronds is gradually produced. 


A different structure is seen in Saccorhiza bulbosa (xo), (125), 659) 
p: 32), an annual? found on the Atlantic shores of Europe and North 
Africa and sporadically in the Western Mediterranean (Isi P- op 
(208); it is not infrequent at and.below low-water mark in the pie 
Isles. The mature plant (fig. 69 A) has a digitate blade, son 
exceeding 2 metres in length ((156) p. 89) and borne at the en ‘all 
flattened stalk (s) which may be 60 cm. long. The stalk is spit in- 
twisted in its lower portion and below the twist there is a large 


n into the 
1 Spence ((183) p. 284), however, records the persistence of plants 
summer of the second season, 
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outgrowth (b), which may reach 40 cm. in dia- 
pell-shap®® the basal part of the stalk, as well as the original 
and covers merous haptera (A) arise from the margin of the 


* ater surface often bears similar unattached structures. 
he ou 


while t 


S (after Setchell). A, C, D, H. sessile (Ag.) Setch.; 
+,» young stage; D, later stage showing the decum- 


" > de. B, H. b. ; T 
55 stipe; sb, ENT cn) Setch., habit. 7, haptera; 


" he early stages Ger 
= transition zone (fi 
lipe While 


are of the usual type. The bell develops from 
fattened 


subseque, 9 B, b) and completely covers in the short 
stalk which = the same meristem gives rise to the 
Y develops SE between bell and blade. This stalk 

ndulating wings (fig. 69 A, w) upon which the 
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sori are usually formed, but they can also arise on the b] 

as on the inner and outer surfaces of the bell (153). The | ade, ag 
throughout the winter after the rest of the kn Sc Sury 
Gardiner (46) also records formation of sporang AS per: 


: t 
1a on the haptera 


Fig. 69. A, B, Saccorhiza bulbosa De la Pyl.; A, small mature and B, young 
plants. C, D, S. dermatodea (De la Pyl.) J. Ag., lower parts of young plants af 
successive ages. b, bell; d, attaching disc; h, hapteron; s, stipe; w, WIN! 
(A after Sauvageau; B after Barber; C, D after Setchell.) 


Another species, S. dermatodea ((38) p. 74, (161)), which is sometima 
((852) p. 254) referred to a separate genus Phyllaria owing to the p Ww 
of the sori at the base of the blade, is widely distributed in the Nor en 
Hemisphere. Here the stalk is simple and the bell (Setchell's SE 
is quite a small structure (fig. 69 C, D), although again sos the 
attachment. Phyllaria reniformis (Lamour.) Rostaf. occur ` 
Mediterranean and the adjacent parts of the Atlantic. 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


ed by Arya Samaj Foundation Chennai and eGangotri 
DICTYONEURUM 203 


"THe FAMILY LESSONIACEAE 


seen in diverse genera above considered, 
jitting ofth d into the transition zone, so that the meristem 
es gally exten meristematic activity may, however, subse- 
y in other regions, as for instance along the 
concentra Thalassiophyllum. In the forms, which Setchell 
keel 1n n the other hand, the. process of splitting 


e 0 jaceae, O 
SÉ as pre transition zone, s0 that the secondary blades are 


di To. e Costaria costata (Turn.) Saund. B, Dictyoneurum californicum 
pr. (photos: F, E. Fritsch, Monterey Peninsula, California). 


tach provided with a 


B, young He 4 part of the original meristem and can thus 
pis i Kos GE a stipes of their own. This is one of the characteristic 
w, lacrocystis. underlies the construction of such genera as Lessonia and 
he first i . : 
ine No Bes to be mentioned is Dictyoneurum californicum 
"os E The young i P. 621), which is confined to Pacific North America. 
E them M Sipe soon REN so far as known, is of the usual pattern. Its short 
izogen Organ attached pa Prostrate and develops into a flat and rather thin 
ring for RA el ina GE SE by marginal haptera (fig. 70 B, s). 
in the Le transition COE means of successive splits that originate in 
è Secondary bl nd gradually extend outwards. The short stipes 


ades become decumbent and are attached to the 


ý t 
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substratum in the same way as the primary one and, E. 
time after time, the front part of the attachment s = = 
advances, while the older part behind dies away; ip di e 
plant gives rise to a clump. Older blades exhibit a nee asi 
ribs (fig. 7o B). Broad irregular sor! appear each year on iS Of Coan 
of the blades. Dictyoneurum is distinguished from Other we Surfing. 
by the procumbent development of the stipe. In Die pe neg ; 
p. 651) splitting takes place through the broad midrib E SE 
lamina, the secondary blades regenerating à new ME the yo 
exposed edges. along th 
The chief centre of distribution of Lessonig ((9) PSU 
» " ft 


(96), (179) D 69, (180) P. 47; (214) p. 57) is in the Southern Hemisph d 
ere 


(see map 2, p. 252). The young stages ((60) p. 457, (179) p. 
usual habit (fig. 71 A), but a median split (fig. 71 B, s) DE 
Car 


the base of the blade resulting in two segments (fig, 71 s 
with short pedicels (p) which appear as forks 4 denis ri 
The original meristem is thus segregated into two entities (m) SCH. 
contributing not only to the enlargement of the appropriate BR 
blade, but also to the lengthening of the pedicel below. The second 
blades split in the same way (fig. 71 C), and this is repeated time a 
again. Commonly one fork develops more vigorously than the other 
(fig. 71 E) and, since the pedicels of successive stronger forks become 
arranged in a straight line, a sympodial axis (a) is formed, upon which 
the weaker ones appear as laterals. 

In some species (e.g. L. laminariaeoides ((9) p. xo, (126) pl. 38, o) tie 
primary stipe remains short, but in others (L. flavicans, fig. 71 D; 
L. nigrescens, fig. 71 E) it lengthens progressively to form a main 
trunk upon which the numerous secondary blades are borne. Oneof 
the most striking species is L. flavicans (L. fuscescens Bory ((29)pl.3 
L. ovata Hook. et Harv.), the mature plants of which resemble small 
trees (fig. 73 D). The thick stipe divides again and again in its upt V 
portion, the ultimate branches ending in long lanceolate blads. f 
Harvey ((60) p. 457) states that the plants may reach a height d 
4 metres, while the main stipe may have the thickness of a human 
thigh. According to Skottsberg ((179) p. 74) the stipe increases ? 
thickness with each division of the lamina. The sori of Lessomair 
formed on the basal parts of the blades. AT 

Postelsia palmaeformis (G4) p. 75, (176) p. 624, G2), an an 
confined to the Pacific shores of North America, although à 
appreciably smaller dimensions, resembles the arboreal Tenn | 
in habit.. One of the most striking ofthe Laminariales, LA 
deserves the popular name of Sea Palm. The thalli (fig. 
short thick upright stipes surmounted by a pendent mass © ofthe A 
They grow gregariously in habitats exposed to the full violen? ug (e. 
waves, and it is a remarkable sight to see such a forest 0 i 
uncovered at low tide and unaffected by the battering of the 


vet | E. 
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‘Provided 
ing stipe, " 
(m), each j 
secondary Bf 
écondary 
time and 
the other 
8 become 
on which 


38, e) the 
g. 71 D; 
1 a main 
, One of 
126) pl. 3i 
ble small $ 
its upper N 
» blades d 
reight of 
a human 
reases I) 
sonia att 


1 annual 
ough d 
Lessoma ři 
me RY, A-F, ] 
LA Bienes, of wat A-C, E, L. nigrescens Bory; A-C, successive stages 
Bee branch of an s E, habit of older plant. D, F, L. flavicans Bory; 
h i Slo bo E plant; F, young plant. G, Adenocystis utricularis 
(A aprons leisten. plants. a, sympodial axis; d, attaching disc: 
Gater ia Reinke; D E P, stipe of secondary blade; s, slit; st, stipe. 
atvey,) » & after Postels & Ruprecht; F after Skottsberg; 
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; belon! 
Fig. 72. Postelsia palmaeformis Rupr. Above, several dense Een Penis 
few plants on a larger scale. (Photos: F. E. Fritsch, Monte 


California.) 
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The numerous blades arise by splitting in the 
as in Lessonia. The stipe, from 40 to 60 cm. 


5 hollow; 
a 


Be T tis are distinguished by greater elongation 
do and Macrocy ET size attained by the mature del The 
Nee d by the hug ST 
ofthe stipe 27 (ros), (126) p. 8), the Bull Kelp of the Americans, 
former (6) P- nsions, is probably in the main an annual seaweed 

ite its Ga p. 129) lasting from February.to the following 
ner, The young plants (7,41) are of the usual type 
November se soon exhibit rapid lengthening of the stipe, although 
(fig. 73 B E), ains slender and very flexible. Near its summit and 
at first it Mises tion zone a spherical air-bladder.(v) arises at an 
ech E: d, soon after, the blade develops the first split (s), which 
eariy ; e bladder and divides the lamina into approxi- 
gus Rive. As the bladder enlarges (fig. 73 C), een 
Seet of the secondary blades become separated. Successive 
m of the blades takes place, as the stipe elongates and the float 
Ze so that the older plant (fig. 73 A) bears numerous lanceolate 
fronds, not uncommonly grouped in two or more bunches corre- 
sponding to the primary divisions of the lamina. The rather thick 
solid stipes of such plants are anchored by an elaborate holdfast, 
which is up to 30 cm. in diameter. The sori form elongate areas, 
reaching a metre in length, on both surfaces of the blades: after 


liberation of the swarmers the whole fruiting region drops out (59). 


Frye(#) states that the second and third splittings of the blade are 
often unequal, the larger segment being to the outside; he sees in this 
a resemblance to Pelagophycus (p. 211). Nereocystis favours habitats 
where the tide is swift and usually grows in 5-8 fathoms of water ((39), 
(ios), (135) p. 86); the length of the stipe depends on the depth (70). The 
Plants often grow in dense masses (39) and the largest are found in the 
ar of the Arctic. The stipes were formerly employed as fish-lines 
ili Faso? while the huge floats were used to siphon water from 
te EP 91). According to Macmillan (res) p. 278) the thallus 
UP to rs ES Ee metres, with air-bladders 2-3 metres long and 
Metres lone rose meter, while the blades are stated to become 15 
sions and Weare ne authorities give considerably smaller dimen- 
SO metres in ER ul whether the plants are ever more than 
deis (cf. (39), (42), (135) p. 86, (171), (176) p. 624). The 


is aremore or je icti 
2 Ss pear-shaped and separated by a constriction 

stipe 
numerous pe below. Th 


TM „ey rest on the surface of the water, while the 
wus Which are slightly submerged. Older stipes bear irregular 
(tos) p, 276). ave been regarded as homologous with the haptera 


| | "ücrocys % 
+ E Perennial on de (138) p. 107, (78), (179) p. 80), the largest of 


as its main centre in the Southern Hemi- . 
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stage 
(Cr 
(178), ( 
into t 
the ap 
As th 
growt 
outer 
accorc 
outer: 
rise to 
inner 


Fig. 73. A-C, E, Nereocystis Luetkeana (Mert.) Post. & Rupr.; Ay n 
B, E, young plants; C, early splittings of the blade. D, Lessoma e, 
Bory, habit. d, attaching disc; h, hapteron; p, pedicel of blade; 5, ud 
st, stipe; v; air-bladder, (A after Postels & Ruprecht; B, C after Macm f 


D after Hooker and Harvey; E after Hartge.) x“ 


| 
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epresented on the western shores of 
ugh ston D " 3 sually grows in 8-10 fathoms of water. 
counts? the thalli of M. pyrifera (fig. 74 A) 
of 60 metres. Above the holdfast (4) there 
Ik (st, a centimetre or less in width), which 
cattéred blades and trails out obliquely to 
where the rest of the thallus floats hori- 
Le portion (fig. 74 C) bears a dense double row of 
M p ie cue (bl), 1-13 metres in length; the blades 
| portly stalke ate surface and bear short spines along their margins, 
pave a C0 hase of each is a spherical to pyriform air-bladder (b). 
EE the arts the blades usually disintegrate and at most only 
| On the CL remain. The holdfast of M. pyrifera may be nearly a 
| ter (676) p. 627, &79 p. 96) and is of the usual type 
metre o but in M. integrifolia Bory (ai p. 22, (68) p. 60, (174) 


2, P: 
5 ac 
E imum length 
slender sta 
number of S 


0. 


(fg. i B 628), found on the Pacific coasts of America? attach- 
Sc ‘effected by a flattened, prostrate richly branched organ 


E bearing haptera along its margins and dying away behind as it grows 
on in front (cf. Dictyoneurum). : 
The development of the mature structure from the embryonic 
B stage (fig. 74 F) takes place in essentially the same way as in Lessonia 
(ip. 11, Go) p. 323, (72) p- 109, (134) P- 34, (138) p. 107, (174) p. 449, 
(n8), (79) p. 82, 63). p.'802). A median split divides the young blade 
into two equal halves (fig. 74 G), but before the split has extended to 
the apex of the lamina further splits (s2) are formed on either side. 
As the tertiary blades become free (fig. 74 B), intensive marginal 
_ growth of the original lamina results in a rapid enlargement of the two 
| outer blades (7, 7), while the inner ones (2, 2) remain narrower; 
according to Skottsberg ((x79) p. 85) the next splits always arise in the 
ae (fig. 74 BI Both of the latter (fig. 74 D, E, 52) give 
ee ne SE in the way described below, while the .. 
A See à RE op into such long shoots, although the latter 
/ growth as compared with the others.4 
1 sequent course of events, after each process of splitting, 


` Ste (24) 
i p.168 (42) 
given by H 2 P: 475, 
ba dÄ ther (et 
It has b 5 
Africa (29), Ds REL mie species, which occurs also in South 
2 -water form of M. ? ) 

m. 1$ E) AE it as distinct. pyrifera ((176) p. 627), but 
: E ee eine quo), reproduced in fig. 74 G, shows just the 
undergone des that this specimen, drawn from herbarium 
Iater-forme = „splacement of its parts in mounting. 

t fork, so ene era commonly take.their origin from the branches 
am is el Plants may appear to arise from the same 
(ns) p. 96) us aeina adyentitiously from the haptera (193). _ 

» POWever, unable to find any evidence for such _ 


(97) p. 499, (179) p. 103. Larger dimensions are 
193) p. 806). South African plants are small 
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e 


Fig. 74. Macrocystis pyrifera (Turn.) Ag. A, diagrammatic rep rm 
of an older plant; B, G, early stages of development; C, tip of growing Pis 
D, E, diagrammatic representation to show mode of development of s is 
F, embryo. 5, air-bladder; d, attaching disc; br, b2, bl, successive i i 
J » pepleron ib internode; k, keel; p, pedicel; s, s1, 52; sa, slit i egra 
erminal blade, after P. ; r Reinke; 
| Stokes Ce ostels & Ruprecht; G afte: 
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uter segment that undergoes further develop- 
ys ony E). The splits soon commence to appear nearer 
3 


6 GE 
hed from the large remaining part (f). The 

the 5 bl) irs falcate shape, comes to occupy a terminal 
gradually ART t) on the elongating sympodial stipe and consti- 

ion (fig 74 "act from which segments are detached unilaterally 

a formative t 74 C). The opposite margin of this terminal 

le ER ER a keel (k) ((193) p. 805) which is continuous 


According to S 
, are r Sr EI 
hing Reng of Macrocystis, like that of Lessonia, is therefore 


fected by successive splitting of the primary blade, but of the two 
ments thus formed in Macrocystis one remains arrested, while the 
dm (the outer) continues to develop; the successive pedicels of the 
fivoured segment combine to form a sympodial stipe which bears the 
other, narrower segments along its inner side (fig. 74 A, D, E). 
Before the segments of the functional blade become free (fig. 74 C), 
the basal portions enlarge to form the air-bladders (5), while the short 
stalks of the blades (p) develop subsequently. Surface-growth of the 
blades continues for some time and leads to the characteristic corru- 
gation, while the two-ranked arrangement is due to a subsequent 
readjustment. In robust plants other long shoots may arise by the 
further development of some of the first-formed inner segments. 

The sori ((29), (66), (68) p. 62, (179) p. 104, (182)) are usually formed on 
the blades of short forked shoots arising at the base of the plant and 
EH SE submerged. These fertile shoots do not exhibit the 
Ge d $ Fee that characterises the sterile ones, and in 
es s x En like one of the smaller species of Lessonia. Sori, 
ONE GE ecasionally occur on the ordinary blades at the water- 

Nos es in either instance they lie mainly in the furrows. 
n the former th interest to compare Macrocystis and Nereocystis. 
ranches unite ci primary stipe remains quite short, while its 
Nereocystis on the Produse sympodial stipes of great length. In 
Brow, whilst the a er hand, it is the primary stipe that continues to 
Rotation ig Camels s themselves remain quite short. In the former, 
Yasingle bladder A7 bladder at the.base of each blade, in the latter 
er at the summit of the main stipe. 


elagoph 
cus 
Wm (9 p. 6, (65), (164), (171); Nereocystis gigantea Aresch. 


+ ** 4^ confi 
bit rather like ne on nl part of the coast of California, has a 


ereocystis. The stipe, usually 6-10 metres 
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long, is surmounted by a large spherical air-bladder 


forks into two equal horizontal arms, each jae » beyond m 
delicate secondary blades attached by slender Ee E at intervals a 
length of 6 metres. The blades are formed by EE, Teaching ` Le 
two primary blades in much the same way as in Ma Splitting of a ji 


Crocystis and 
are Stated to 


form (f 


Teach 


the sori ((65) p. 345) at their tips. Large individuals 
a length of 45 metres ((42) p. 475). 


a Fig. 75. A Macrocystis and B, Egregi, ‘esti h., low tide, 
de i , Egregia Menziesii (Turn.) Aresch., 
. Monterey Peninsula, California, (Photos F. E. Fritsch.) 
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c and perennial Lessoniopsis ((s4) p. 9, (134) p. 25; 
monotyP! arl. & Setch.(106)) is distinguished from other 
‘ pttoralis Me differentiation of fertile and sterile blades 
niaceae eer (f) are broad and oval, with a sharply de- 

h ns bear the sori (so) on both surfaces. The sterile 
à ses other hand, are narrow and strap-shaped and merge 
blades (v), 9 the stalk. They are usually provided with an ill-defined 

2 C,r) and segment by the formation of repeated splits 
midrib (68: re latter, whereas the fertilé blades show no division. 


(7) through hylls ((ss), 679 P- 632) are outgrowths from the stalks 
These SPO bla des and develop in pairs from the transition region 


ear after ye 
its summit nu 
in Lessontd ; old 


ike Postelsia : 
Ei ^ strong surf, although it usually occurs at a lower level than 


the former. 
THE FAMILY ALARIACEAE 


The series of forms included in this family are, like Lessoniopsis, 
characterised by the restriction of the sori to special sporophylls, but 
the ordinary vegetative fronds do not here undergo splitting. The 
sporophylis arise as outgrowths, either from the stipe or from the 
margin of the blade. The young plants are again of the saccharina 
type (fig. 76 D). à 
The most familiar member of this family is Alaria (158,206), the 
main centre of distribution of which appears to be in the Arctic and 
the Northern Pacific, although a number of species are found in the 
North Atlantic. Of these, A. esculenta ((64) pl. 79), popularly called 
GEN or Henware, is not uncommon in exposed situations near 
ae mark, though usually growing submerged. All species of 
Geet perennial. The relatively short stipe (fig. 76 E, st) bears an 
and F SSC which often possesses a wavy margin (cf. fig. 76 A) 
midrib oe to the stipe; the blade is traversed by a stout 
tring En SEA as an upward continuation of the stalk. 
NEA RE t e latter produces in acropetal succession near its 
0) which et of thick tongue-shaped sporophylls (fig. 76 A, 
and winter Es © maturation of their sori, are shed during autumn 
€ blade Bee Small scars on the stipe. At this time of the year 
B torn Into segrnents perpendicular to the midrib 
fresh growth in i ultimately wears away more or less completely; 
e transition zone early in the following season leads 


plenishment 
Te prece en New sporophylls sprout out above 
Tow: 


(tss) ` WS are someti 7 , 
P. 223), times double ‘in 4. esculenta, according to Sauvageat 
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Fig. 76. A, Alaria oblonga Kjellm., habit. B, Undaria pinnatifida (Harv) 
Kjellm. C, F, Lessoniopsis littoralis (Farl. & Setch.) Reinke; C, upper parto 
a vegetative blade; F, small part of a mature plant. D, E, G, Alaria esci pli 
(L.) Grev. ; D, lower part of young plant; E, basal part of older plant; G, bh 
renewal. f, fertile blade; A, hapteron; nb, new and ob, old blades; r, SE, 
s, sporophyll; sl, slit; so, sorus; st, stipe; t, transition zone; % (EE 

blade; w, wing, (A, B after Kjellman; C-F after Reinke; G after Rasmus" 
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` ‚al of the lamina in A. esculenta and other species 
a Vnde hat differently in different localities. Thus, 
mon take place =; (9) p- 16, (129) p. 195, (195) p. 7) the old blade 
n shor before the new one is formed and in the 


dinavia mpletely 
0 qs gway E year Ei lamina is represented by the remains of the 
weal? his O 


iti her hand, as well as in 
on d British shores, on the ot and, 
Ist On French an 113, (206) p. 49), renovation of the lamina 


jdrib. want, (142) P* : ; ; 
p. regions cos Laminaria, since here the old blade persists until 
ot more as to a considerable size (fig. 76 G). Various 


çes place vn 
wone has gro" (42) p. 481, (125), (156) p. 221) affirm that 


(2 16), 

vhoritieS (Onan zone is continuous and that the blade is re- 
rowth In the in the same measure as it wears away apically. 
(206) the Japanese Alarias last for only two years. 
hylls of A. esculenta, which have a sweet 
EE lly consumed in the seventeenth century in 
insipid £05 77» 
arts of Es 58). The blade of the former may reach a length of 

are eaten WS E although the stipe does not exceed 30 cm.; the 

(metres C e be 25 cm. long, with a width of about 2 cm. The 

sporophy 2 appears to be the North Pacific À. fistulosa Post. & Rupr. 

Tee with blades up to 25 metres long and as much as 230 cm. 

UM de e 481, (175) p. 275, (176) p. 644, (206) p. 12); the midrib is in 

great part hollow, its successive chambers being separated by partitions 

composed largely of hyphae (78). The species of Alaria favour habitats 

exposed to surf (183) and Macmillan (108) describes forms of A. nana 

Schrader which, in their short sturdy habit, recall the Postelsias with 

which they are associated. 

Some species (A. marginata Post. & Rupr.) have relatively large 
sporophylls and in this respect approach the monotypic Pterygophora 
(0) p. 11, (104) p. 114, (107), (144) p. 73, (172 p. 96). Here (fig. 77 A) the 
long woody stipe (st), rounded at the base but gradually flattening 
above, bears sporophylls (s) reaching a length of 13 metres and forming 
sori largely at their base. The terminal blade (v), which may likewise 
become fertile, is not much longer than the sporophylls. It is often in 
large part disintegrated, although, as in Alaria, it may subsequently 
PURA from the base. New sporophylls are produced in each season 

rt the preceding year. 

HO SR (86) P- 274, (118), (186) p. 77, (204) p. 704; figs. 

s d ;thespecies of which are confinedto Japan(seemap2,p.252), 

"er part of the lamina bears pinnately arranged outgrowths, 


whi 
| ae te flattened stalk is provided with an undulate wing (w) upon 
u m aminaria Drs are produced. To this genus Okamura(18) refers 
Pont endo’s or) aa Kjellm. ((86) p. 267, (17) p. 98), as well as 
, blade act that sori (so) S rome. The latter (fig. 77 B) is distinguished by the 
nidribi ?ügests that it are also developed on the blade. Sauvageau ((156) p. 4) 
etat Bera Hirom may be a hybrid. Yendo ((206) p. 73) considers that the 
IZ Which the nn Undaria, Alaria, and Pterygophora form a series in 


€ pro 1 3 S 
Stalk becomes pation of special fertile zones or sporophylls from the 
Progressively more marked. 
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The systematic position of Phyllogigas ((4s) 


o 3 $ P. y 
simulans Gepp (47), (48) p. 5) in which the ot pu * 63; Les | 
out from the stipe are altogether like the terminal b] ades that, Sonig 
since so far only sterile plants have been found ade, is uncer ot : 
: ai, 
m 


Fig. 77. A, Pterygophora californi 5 e ; Fig 
d ntca Rupr., habit. B, Hirome sp., diagrammatic pni 
Hoe AR ofa plant. C, Undaria Sp., ditto. D, Ecklonia buccinalis (L.) by 
à EL ER ; À, papteron: d midrib; e, sporophylls; so, sorus je pu phy 
d > Ve, air- : i ner; 
B, C'after Yendo; D after Delf.) SP te See C Ul 
nod 2 the 
th 3j other Alariaceae the sporophylls arise as marginal pinnations of (fi 
SE amina. In the Californian Eisenia arborea ((7) p. 68,  P- ^ me 
1 ( F Jp a U, (163), (165), (170), (200) they appear already in the young plant pa 
4 8. 78 B) and, whilst the apex of the primary blade (fig. 78 C, lt 
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the pinnae themselves (s) enlarge and.become 


ray PR Xp 
MULT dually x than the main blade. At this stage the lower 
8 ra 1g 5 : 3 wel, een ; 
meer g^". or even latter become inrolled and, as this happens, the 


a DIB" of the lum, Arthrot} 
margins dig thicken (cf. Hedophyllum, Arthrot vamnus, p. 200). 
sed me ; o: 


Fig. 78. Eiseni 


1matic Primary Bra arborea Aresch. (after Setchell). A, incurving of margins of 
is (L) » Vegetative Men et plant; C, older stage, with well-developed pinnae. 
stipe; Phyll; st, stipe. 7 ^, hapteron; /, inrolled basal margin of blade; s, sporo- 
dner; RS > 
Ultim 
ately, Whe 1 
; nt 5 

w the involu olen 3 primary blade has worn down to its very base, 
n ; el À). M constitute two arms at the top of the stipe 
pi i Ten bo En of pinnae is now transferred to secondary 
: i) i CH at the top of dh tps of these arms, but the original meristem 
d From © Stipe which continues to grow in length. 


a st 


out s a 
and fairly rigid structure flattened near the top. 
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The sori form elongate patches on the basal parts of th | 
Another species, Æ. Cokert Howe ((68) p. 55), recorded pP oT Phyl | 
only doubtfully distinct ((67) p. 34), but a further cha Peru à 

is the Japanese £. bicychs (Kjellm.) Setch. ((119) Pl. 238 teristic fo 

(200); Ecklonia bicyclis Kjellm. (86) p. 269), in which thi (76) p. uj 
may themselves be pinnate. SPorophyr 

The species of Ecklonia ((9) p. 12, (116), 687), principal! 

in the Southern Hemisphere (see map 2, p. 252), are Scag 
by E. buccinalis! (fig. 79 A), the Bamboo Seaweed of South 
(126) pl. 2, (213)), which somewhat resembles Nereocy 


Presented 
illustrated 
30 Africa (tn 
stis in habit (cf. also 


A B 


à : ` 
y d 
i K on SO Me. A 
NEC COGN TURN aat 
WF Se MVC deka à H 


Fig. 79. À, Ecklonia buccinalis (L.) Hornem., 1/20 natural size (photo: 
M. A. Pocock). B, Egregia Menziesii (Turn.) Aresch. (photo: F. E. Fritsch 
Monterey Peninsula, California). 


fig. 77 D), although the numerous blades are produced in quite 2 
different manner. The hollow erect stalk, which may be 5 or mor 
metres in length, enlarges at its summit (ve), but the primary lamim 
(bl) remains small and the greater part of it often wears away. ‘ 
basal portion, however, persists and from it there grow out In ue 
petal succession numerous long narrow sporophylls () ie 
irregular sori. Some species propagate by stolons (4:9 P À | 
Young plants (fig. 79 À, g) show resemblance to those of on 
The greatest elaboration among Alariaceae is attained by on 
((7) p. 66, (9) P: 3, (115), (139), (144) p. 70), the species of KS jes 
1 According to Papenfuss (213), p. 16) the correct name of this spe“ 
E. maxima (Osbeck) Papenf. 
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(photo: 
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quite 4 
yr more 
lamina 
ly. The 
n acro- 
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s at and below low-water mark on the western 
" mead ica (fig. 75 B). Young plants of E. Menziesii 
ex Nort 


S ustomary type (fig. 80 C), but at an early stage 
coasts © are of the Mero (I) sprout out from the lower margins of 


h 177, c : 5 
(on at ien En the flattening stipe (st). The intercalary meri- 
A fa Os but little to the enlargement of the blade which 

tri 


way completely, whilst the flattened stalk (fig. 80 A, 


vltima Us continuous elongation, at the same time producing more 


| outgrowths UL . 
ore le Ching is effected mainly from the basal parts 


where some of the outgrowths develop into long shoots 
A, br). These likewise bear numerous marginal appendages 
‚grow to a length of more than 8 metres (fig. 79 B). Cylindrical 
mes 5 they are markedly flattened (fig. 8o À, f) throughout the 
I rt of their length and, in older plants, numerous perfora- 
en appear in these band-shaped structures, while they are 
m covered with blunt papillae (p). The short laterals function as 

EE thetic organs, and in £. laevigata, found in Lower California, 
a from simple linear blades to pinnate structures with filiform 
segments (fig. 80 D). ‚Here and there the base of one of the laterals 
swells up to form an air-bladder (fig. 8o A, B, a). Those that function 
as sporophylls (fig. 80 D, sp) are wrinkled pod-shaped structures 
bearing the sori between the ribs. 

Except for the somewhat aberrant genus Chorda,! the diverse sea- 
weeds surveyed in the preceding pages all appear as post-embryonal 
modifications of a central type resembling such a form as Laminaria 
saccharina (54,134). Subsequent elaborations are due, on the one hand, 
to progressive splitting affecting either the lamina only and leaving 
the meristem intact (Laminariaceae) or extending also into the region 
of the latter with a resulting segregation of the same into numerous 
“parate entities (Lessoniaceae), the latter process admitting of 
DRM striking developments. On the other hand, in the Alari- 

» elaboration is largely due to the development of outgrowths 


TO 1 : 
m the stipe or lamina, such outgrowths being frequently diverted 
U Adenocyst; 
common Antarctic i 43, Co) D. 179, (61) p. 218, (62) pl. 48, (83), (95) p. 305), a 
Y considerable dime oral form ((214) p. 59), with a stalked vesicular thallus of 
0 Laminariaceae while OL (fig. 71 G), was referred by Kjellman ((85a) p. 255) 
ottsberg ((179) p mg Itmanns ((122) p. 66) includes it in Encoeliaceae and 
ng stages d Se a special group Adenocystideae among Ectocarpales. 
Semblance to t os S ed by the last ((189), p. 40), show considerable re- 
Broup of hairs ants Chorda; they possess an apical hair, later replaced by a 
mike a young Lan à depression ((113) p. 62). Somewhat older plants are 
ja of unilocular S d The mature thallus forms an almost continuous 
prj hei " SERES yee intervening paraphyses. A very similar 
Sexual ats orangia; should hi 179) p. 6, (180) p. 42) as Utriculidium, bears 
; 1s suggestion that the latter may represent the 


i enerat; 
8 clear 10n of Ade; Ne 
ly out of the ane Prove to be true, a reference to Laminariales 
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to reproductive functions. The splitting of the lamin 
perforations that occur in more.than one evoluti : 
doubt adaptations admitting of the production 
synthetic surface capable of resisting the rough 
thalli are often exposed. The elaborate holdfasts (fi 


3 
onary s 2 
eri e 
[2 
of a M » are No th 
Seas t 


Fig. 80. Egregia Menziesii (Turn.) Aresch: A, basal part of older plant; 
B, part of a branch enlarged; C, young plant; D, part of a branch with sporo- 
phylls (E. laevigata ?). a, air-bladder; b, primary blade; br, branch; f, flattened 
region of branch; A hapteron; /, lateral; p, papillae; sp, sporophyll; st, stipe: 
(A, C after Fallis; B, D after Reinke.) 


duction of increasing numbers of branched haptera as the Ba 
enlarges, are well suited for anchorage in such a habitat, while the 
strong, though flexible, construction of the stipes (cf. below) = 
of display of the blades to the best advantage. i 

Before proceeding to consider the internal structuré Ee 


features of the growth of Laminariales may be noted. Elongation © 
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f the enlargement of the lamina are due to the 
E the transition zone, but, apart from annual 
u (Nereocystis (2), (9), the growth of the latter 
] with the increase of the lamina. In a 
etc. the greater part of the stalk consists 


d mud 


N 
iun iderable comparec 


nial Laminarta, 


re sue, EX i 
T mature UNE thickness(p.232). In the latter pàrt of the season 
into increa i 


pading ina, t00, ; > ee EE 
most of the Iam plade-renewal an extensive basal region is in vigorous 


additions to the base of the blade may be made 
E e during the whole of the vegetative season. 
? e tran bet 
from the HET 
With the appro 5 
a rule that the sort 
rowth of the stipe of Nereocystis is very rapid, about 2:5 cm. 

The Eng July (177) and probably more than that in younger stages 

‘ae < a E 

ien According to Falls (33) the maximum growth of the blade 
ara, Alaria, Costaria, ctc. takes place in the widest part near 
ier, The rate increases rapidly for a short distance above the base 
and beyond that again decreases. The rate of growth during the day is 
most double that at night. The average daily growth recorded by 
Fills is 2°85 cm. in Laminaria, 2:23 cm. in Alaria, and 2:04 cm. in 
Costaria, these increments being largely due to the lengthening of the 
blades, According to Sauvageau ((156) p.205) Chorda filum can reach a 
length of four metres in 4 months, while growth of the new blade of 
Laminaria Cloustoni ((156) p. 190) is estimated at o:5 cm. per day and 
plants of this species can reach a height of one metre in the first year 
(ue) p. 328). Lemoine ((102) p. 5) found in young plants of L. saccharina 
agrowth of only 2:4-3:7 cm. and in older ones of 2-5-2 cm. per month, 
buton the Welsh coast plants reach a length of 30 cm. in less than 
jmonths. The breaking strain of the stipes is considerable ((28), (73) p. 
193) and plants are often detached complete during storms (($o) p. 493). 


THE ANATOMICAL STRUCTURE OF THE SPOROPHYTE 


(a) CHORDA 
The rotes of Chorda ( 


T P (6) D. IS, - 8, b 25, (9 72% 
(3) p, 37), like diese of I 5, (77) p. 100, (93) p. 25, (94) p. 72 


Mun other Laminariales, divide transversely to 
lengthens into ar} un (fig. 8r B-E, e), the basal cell of which 
[ SS uzoid (7). A distinctive feature lies in the appear- 
de ne hairs (fig. 81 F, G, h), which may develop 
fig. 8 y Jan u a simple filament. The first longitudinal 
"i the D ae In planes at right angles to one another and 
Vision cels Into quadrants; this is followed by transverse 
ntly by the formation of radial and tangential 


n Subseque 
Meanwhile / à 
„ “anwhile a large number of the lower cells grow 


uin Hal wall, ) 
0 Septate thizoids ` 4 
(fig. 81 H, 7). 
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] Fig. 81. Chorda filum (L.) Lamour. A, habit; B-F, young plants of suc o 
cessive ages, still attached to the gametophyte (g); G, apex of a somewhat | 
b older plant; H, base of ditto; I, part of longitudinal and J, of transver* gel 
section of mature thallus; K, small part of a sorus in longitudinal section L 
b, basal cell; c, cortex; ch, chromatophore; co, cross-connection; 4, attaching ty, 

| disc; e, embryo; g, gametophyte; A, hair; ky, hyphae; m, me ulla; M 
" o9ogonium; p, paraphysis; 7, rhizoid; s, surface-layer of thallus; E. en 
| Tangium; w, wall'of oogonium. (A after Newton; B-H after Kylin; E ko 


Reinke from Oltmanns.) 
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linder thus produced at first shows little 
m a transverse meristematic zone is established 
ut soon ling (09 P- 27): By its activity new tissue is 
R throughout the summer, although that 
ies away sooner Or later. Sections through the 
a central group of cells formed from the 
nder and a wide outer zone with radially 
; ; igi by repeated tangential 
ign H ents which no doubt Orgnate een 8 
ed eleme "laver (meristoderm, cf. p. 226). Below the 
um of the en es abundant anticlinal division, 
meristem Be, cell fail to divide SC WEE more or less P 
ile ; e marked surface-enlargement is probab 
escht elongated TS development of the central iet 7 
directly Inr the mature thallus ((93), (133) P. 35; fig. 81 I, J) the 
) of isodiametric or palisade-like cells, with abundant 
surface-layer G is followed by one or two layers, the cells of which, 
ci pe equally narrow, are markedly elongate. The greater 
bot) SN of the hollow thallus is, however, composed of wide 
Duk wall (c), which become narrower towards the interior. Here 
er suddenly gives place to a system of very narrow elongate 
me (m), which exhibit the characters of “ trumpet-hyphae” 
(0.231). A quantity of ordinary hyphae (hy) arise from the inner cells 
i ofthe cortex and, growing mainly in the horizontal direction, extend 
into the hollow; they become aggregated at fairly even intervals to 
form bridging diaphragms. The hyphae are stated to contain chro- 
matophores ((74) p. 19). At intervals the surface of the thallus bears 


atous CY 


e an 


chymatous cyli 


ii) tufts of colourless hairs (4). 

= The central hollow contains mucilage and gases which may cause 
f local inflations. The marked tensile strength of the thallus is ascribed 

D by Pringsheim (127) to the wide cortical cells, the walls of which exhibit 


gj Wise of striations, visible at a different focus and accompanied by 
Pond pits. The inner striations give the inner margin of the wall 
Tee ontou, while the outer ones are due to undulation of the 
\ dry, it pe PE When a piece of the thallus is allowed to 
( | shaped in cna edly contorted, so much so that it may appear 


b 

n S THE EARLY DEVELOPMENT OF OTHER LAMINARIALES 

"ee: € em| ` d 

succ £ o N See 
‚One stages have been studied in numerous Laminariales” 


what and in $ 

verse germinate SEN considerable uniformity. The zygotes commonly 
im | 10), Which is d adhering to the empty oogonium (fig. 82 B, C, 
H pote undergoe ten perforated by the first rhizoid. The lengthening 
sp g 5 S transverse septation to produce a short erect thread 
aer E me (8) p. 4, 


G 
"092, (213) SE (79), (92) p. 558, (104) p. 128, (128), (147), (154), (159); 
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Fig. 82. Early development of Laminariales. A, Costaria costata (Turn) 
Saund., germling. B-F’, L, Saccorhiza bulbosa De la Pyl.; B, C, early 8 
mentation of germling, 1-4 in B the first-formed cells, those marked © 
equivalent in B and C; D, older germling; E, F, F', transverse sections a 
progressively higher levels through the stipe in the order F, F’, E; L, a 
verse section through the blade of a young plant. G-I, Laminaria MET 
(L.) Lamour.; G, longitudinal section through young blade; H, longitucit 
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em , the cell 
d in the verti 


s of which divide by longitudinal walls 
cal direction (fig. 82 A-D, I); this results 
d expanse which is usually broader above than 
id is soon supplemented by others emanating 
rmling. The rhizoids may be septate 
696, (213) p. 19); in Alaria (128) they 


ayere 


rhizo 

M cell of the ge 

tate ((204) P- 

zv of the young plants of Egregia is determined by the 

(au © ‘dent light (118), while according to Williams (198) the 

the incl are positively phototropic. Longitudinal division 

embryos 4 (028) p. 14) or a uniseriate filament of 6-8 

in Ae formed (056) p. 153). According to Yendo ((204) p. 693) 
s embryos of Costaria show apical growth. ee 

tegt p. 56) describes a definite sequence of division in 


D ose (fig. 82 B). The two uppermost cells (3, 4) of the 
gei" thread first produced undergo longitudinal septation to 


four-celle ‚.Iayered apex of the young blade (fig. 82 C, bl), while the 
form the Se (1,2) exhibit a further transverse division. The basal 
two ios into a rhizoid, the next above (5) furnishes the lower 
end the future stipe, the uppermost (d) produces the basal part of 
fe young blade, while the third from below (c) gives rise to the inter- 
clary meristem of the transition zone. So clear a differentiation does 


not appear to occur in the embryos of other Laminariales. 


Sooner or later longitudinal walls are formed also in other planes in 
the basal part of the embryo, whereby the cylindrical stipe is initiated 
(fig, 82 F, 1); meanwhile abundant division is taking place in the 
region of the lamina which, however, for some little time usually re- 
mains monostromatic. Meristematic activity now begins to concen- 
trate at the base of the lamina (transition zone) and from then onwards 
plays an important part in the further enlargement of blade and stipe 
(us) P: 59, @o4) p. 695). The meristematic zone is at first only a trans- 
C of cells, but it soon becomes more extensive. Over an 
x A central portion of the blade, extending outwards 
lan n zone, the lamina becomes first two-, then three-, 
n me Red (cf. fig. 82 G). Both marginal and apical 
considerable len ees usually to remain one-layered, at least for a 
P. (98). re bo time ((30) p. 186, (156) p. 73, (161) p. 198, (204) 
28) state chat ut orities Le p. 660, (79) p. 447, (156) p- 64, (195) 
EX € young blade possesses a marginal meristem which 


Section thr, : 
ough a y ER: 
blade; UO germling in a plane parallel to the surface of the 
arious ages, still attached to the gametophyte. 
A (Turn.) Ag., transverse sections of young blades. 
^ Be 
e» 


Pose £0, Cortex; m, meristoderm; me, medulla; mu, 
Mod S GE r, rhizoid; s, solenocyst. (A after Yendo; 
> alter Killian; J, K after Skottsberg; the rest after 
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contributes to its enlargement," but there is also aPPreciab] 
lable 


rowth effected by crosswise anticlinal division Surfaca — 

real layers ((156) p. 64), while the inner eine cells oft > | 
with this growth (cf. fig. 82 L). tge to keep SS d 

. The early development of the stipe has been followed b Ce S 
(as6) p. 99) in Saccorhiza bulbosa. After the pre y Sauvagea, mes 
divided into quadrants, periclinal walls (fig. 82 F) cut SCH cells have Ds 
layer (m) from a central group of cells (ax), which sh a Peripheral hyo! 
division and constitute the first medullary elements Th. no furth dli 
layer, however, remains actively meristematic, scene Periphera] ER 
clinal, and especially by periclinal, walls (fig. 82 E Fa ne by anti. (i. 
to a cortex (co) from which further additions are pro a Ping rise phor 
to the medulla (cf. below); by degrees the inner el made accor 
mucilaginous walls (cf. also fig. 82 H). The surface-layer of thick DË 
dividing cells may appropriately be designated by the N actively To 
stoderm proposed by Sauvageau ((156) p. 99). € Of men. walls 
corte 

form 

(c) THE STRUCTURE OF THE STIPE? cells 

; o b yin 

In transverse or longitudinal sections of an older stipe of a Laminaria d 
or Alaria, taken at or near the transition zone, it is generally possible then 
to distinguish four regions (fig. 83 A; cf. also fig. 86 B). At the surface cells 
is the actively dividing meristoderm (m) just considered, followed zonta 
internally by one or more layers of similar small cells, The meri- come 
stoderm is covered by a mucilage-layer (mu) occupying the position conn 
of a cuticle. Internal to this small-celled tissue follows an outer cortex (16%) f 
(oc) of somewhat wider and paler cells, which are markedly elongate, Ac 
but show no pronounced thickening of the wall; the cells commonly such 
have pointed ends and exhibit frequent horizontal septa. Further to num 
the interior lies the inner cortex (ic), the cells of which are longer and | arise 
have square ends, while the longitudinal walls show increasing corre 
gelatinisation; the cells of this region, too, exhibit numerous hori- origi 
zontal thread-like outgrowths (cross-connections and hyphae, hy; d end 
below). The centre of the stipe is occupied by a mass of tangled the f 
threads, constituting the medulla (me), which is commonly oval or struc 
elliptical in cross-section (see fig. 85 N). It is not possible to draw? = 
np 
1 In the young frond of Laminaria Lejolisii Sauvageau ((159) P. 173) nucle 
describes a group of apical cells, the activity of which is, however, limited to meas 
the formation of the mucronate tip which here crowns the young blade: ; this | 
growth of the young lamina in Costaria costata is, according to Yendo D De 
SE due to the division of two initial cells situated beneath the 3P M 
2 See (51) p. 657, (x05) p. 284, (107) p. 734, (111), (122) p. 154, (126) P- ^ A Ts in 
(138) p. 113, (161) p. 196, (179) p. 116, (181) p. 573, (188) pp: 299, 309 AEn o but 
I have also through the kindness of Dr J. W. G. Lund been able to ag Meri 
manuscript containing preliminary results of his investigation of p Pl 


of Laminaria. 
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he different regions, since they grade 


ast ; 
; c another. ceeding, the cells of the meristoderm at 


; is pro : : 
DO m activ Que Poe have a palisade-like shape (fig. 83 C, I, 
Where the trans! t tangential septation, with simultaneous radial 


bel” iit frequent * remain small. They contain numerous small 

) ns so that the ce idently constitute a photosynthetic layer. The 
ds ophores and a rapidly widen to form the outer cortex and 
dn f internally Se a more or less spindle-shaped form 
Ca often re is no corresponding increase in chromato- 
a and, er. paler. The elongation of these cells is often 
hores, the m sie appearance of a number of thin horizontal septa 
Fompanied eel gives place to a vertical row. 

,) so that eac interior of this tissue (fig. 83 E, K) the longitudinal 

Towards the ! thicken and there is a gradual passage to the inner 
vals commen m g is due to mucilage, which is stated to be 
cortex. The T middle lamella (688) p. 300). The vertical files of 
formed Eus the inner cortex (fig. 83 À, ic) thus become separated 
EE cu wide tracts of mucilage, except at certain points where 
d no gelatinisation (fig. 83 D, K, L, p); these pits are often in 
the main situated on the tangential walls ((94) p. 67). As the inner 
cells separate more and more, the pits between them become hori- 
mntally extended and form short cross-connections which may be- 
come septate (fig. 83 E, K, co). This mode of formation of cross- 
connections has been described by several investigators ((138) p. 115, 
(it) p. 200, (193) p. 804, (195) p. 12). 

According to Killian ((79) p. 450; cf. also (138) p. 116), however, 
such structures are only of a temporary nature and most of the 
numerous cross-connections, seen in the inner cortex and the medulla, 
arise by the fusion of papillose protrusions (fig. 84 A, B, p) formed at 
corresponding levels on the longitudinal walls. These outgrowths 
originate from small cells cut off by an oblique septum at the upper 
a une Sr, although later most of them come tolieopposite 
walls between successive cells (fig. 84 À, p). These 

SCH towards one another (fig. 84 B) until they meet and 
me M of the separating walls takes place just as in a 
nuclei. The B p lon (fig. 84 C, co), although there is no fusion of 
mesure as the “connections thus formed elongate in the same 
this m d Ge rows of cortical cells separate and, as 
Ge), > "former undergo septation (figs. 83 F, co; 84 E, 
; Meanwhile, ag the ; 

IS innermost ¢ em * inner cortex is supplemented from the outer, 
ons are ma e Ge are added to the medulla, while further contri- 
nutem, = SEH Outer cortex by the operation of the superficial 
in the inner co "s formation of new cross-connections takes 
Tex so that at its inner limit and in the region of 
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S DIR ection of 
Fig. 83. Structure of the stipe. A, Laminaria sp., longitudinal Sn 
young stipe. B, Eisenia arborea Zresch-, ditto. C-F, Macrocystis Lë 
(Turn.) Ag., successive parts, from without inwards, of a longitudin? o e 
below the transition zone, C at right angles to the other three; C, ms. GB 
and outer cortex; D, inner cortex; E, edge of medulla; F, medu ^d | 
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longitudinal network is produced (fig. 84 G). 

P gE f cross-connections described by Killian 
origin OF eau ((156) p. 123) in Saccorhiza, but it 
by Sauvag her it is of general occurrence among 


ed by 
e established whet 

begins the development of the structures 
re begi! pment of the s 
201, (195) p. 14), which differ essentially from 
win the absence of fusion with a corre- 
E apparently grow out directly from 


les 
ater the 


ou 


d 
sp ie EN N 3 i 
she cells of ce of Laminaria arise, like the cross-connections, from 


Hd tie cut off in t 
into slender, 
iderable length, 


lage O v» S 
a tortuous course so that it is difficult to trace them 


th 
"he medull 


(d) medullary ce 


ments of the | : } 3 
E rows; (D) cross-connections (co), primarily horizontal but later 


often pursuing an oblique course; and (c) the numerous hyphae (hy) 
which extend in all directions between the others, though prevalently 
ndal. It is by no means always easy to distinguish these diverse 
elements from one another. Surface-enlargement and increase in 
width are taking place continuously in the transition zone and below 
it, so that there is a passive extension of the medullary cells and of 
their cross-connections, in both of which the capacity for growth is 
sooner or later lost. Sirce they undergo no further septation, the 
component cells are drawn out, and this is accompanied by a reduc- 
tion in width except at the septa, where the original dimensions are 
PM Many of the medullary elements consequently exhibit a 
e Wee widening at the septa (fig. 83 A, B, F, t), which is 

ponsible for the customary designation of these structures as 


"The statem 
BP. 300, 309, (1 


ents that the hyphae can fuse with other elements ((188) 
95) p. 20) remain doubtful. 


eS ee 


HD CM PE Se So 
Lesonigpsi 


o 5 littoralis (Farl, 
yon d 


Be 
e t periphery of medulla; H, entire sector. I-L, Alaria esculenta 


Tey, 
longitude” 
inal, A 
Stu im 2 
Gute of inn ucilage dotted; I, J, meristoderm and outer cortex; K, 
nes ic, j X; L, edge of medulla. co, cross-connection; hy, 


Co iu 2 
» m, méristoderm; me, medulla; mu, mucilage; oc, 


(Aate ER D, pit: 
is Ot Sg 5 B ofa tate, cortical cell; t, trumpet-like enlargement. 
EL after Wille.) er Killian; C-F after Rosenthal; G, H after Mac- 
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Fig. 84. A-E, G, Laminaria digitata (L.) Lamour., origin (p) and devel 
| ment of cross-connections (co) (after Killian). F, H-J, Saccorhiza bulbosa DY 
` la Pyl., details of medullary elements (after Sauvageau). 4j sale n, 
: br, branch; c, cortical cell; cy, ** cylindrostyles"'; mu, “cellules multe. 

s, “solenocysts”’; 7, constrictions on the latter. 
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however, that the actual hyphae ‘only 
app elements. The surface-enlargement, leading 
he internal elements, often results in marked 
0 nd inner tissues; strips cut out of a fresh 
o 


d with the outer surface on the convex side ((195) 
rve 


` ears, 


f internally by the meristoderm of the young stipe 


) | ghet "i characteristics of outer cé cells, eu as these 
5,828) SON n to the surface-growth eee SIME) Ese 
À | (fe in relatio toderm, the innermost exhibit thickening of the 
d dd y he De, ad develop cross-connections ; in this way the 
nd eer With further widening of the stipe and out- 

is 
| Eë an d thus the young stipe acquires the series of inter- 


‘hyphae from the inner cortical cells, the medulla begins to 
yP 


sye-regions that in later stages is met with especially in the 
ne e. In the older plant increments to the various tissues 
| yansition 200 ade essentially only in this zone, since the primary 
appear to be E uished decrease in size as one passes for instance 
jons above a oM 'The medulla seems to undergo little 
int een the level of the transition zone and in the maturer 
SE usually a sharp boundary between it and the cortex 
um p. 647, (279) p: 70, (188) p. 302) (fig. 83 B). Increase in width 
ifthe stipe is here due to some further additions to the outer cortex, 
butmainly to special secondary activity (p.232). It is not clear whether 
fere is continued production of hyphae from the cells of the inner 
tex in the older parts of the stipe, but this would appear to be so 
incertain instances ((79) p. 460). 

The meristem of the transition zone is therefore of such a nature 
that it gives rise progressively to the various tissues of the stipe in a 
horizontal direction and, where such differentiation ceases, there is 
ite further increase in length and the tissues are essentially mature. 
falls! data (p. 221) indicate that the region of elongation and differen- 
tation is normally rather limited. The formative region of the stipe 
is however, continuous with that of the lamina and there is no inter- 
SCH E, In passing from the one to the other; the medulla in 
notably the A d throughout the whole transition zone. This is 
Merbtem in as anation why, despite the existence of an active 
tthe transition nee is no mechanical weakening at the level 
"mI E e latter differs appreciably from the maturer 
ep" E corey and me Ant Ow only in the more gradual transition between 
sis") E Wio Leet SE the marked evidence of elongation and 

j several ee a : e SE cortical cells. In the more mature 
t beneath the mer: mall cells with chromatophores commonly 
5 meristoderm ((195) p. 17). 
les (e.g. Macrocystis ((138) p. 116, (79) p. 119; 
29) the meristoderm appears to remain in 


Certain poe 
Aston amina 

Ono nes ria 
ut (106) p, 3 
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operation throughout life, but in Laminar; 
(d p. 647), Thalassiophyllum (58) De T N P. 377) 
Nereocystis (10) p. 288, (121) p. 100), os d anao 
activity is subsequently transferred to a eo: le g 
depth of about 4-8 cells beneath the surface Thi layer, situated "€ 
brings about progressive increase in thickness o6 canda X 
the numerous cells it produces exhibit a fadi Miren 
secondary growth is responsible for the considerable ‚lg ment, Th 
by the older stipes of Lessonia and of some Lamih thickness attained 
tissue towards the outside usually dies and is shed a The Prima 
In the perennial forms the activity of the se ae i 
periodic and the wide outer cortex that is gradu 
shows a concentric zoning recalling the annual ET produced Usually 
(fig. 85 N); although clearly apparent to the naked of higher Plants 
often difficult to distinguish under the microsco oc the rings! are 
in Laminaria ((100), (122) p. 159), Pterygophora (Gan heir formation 
and Lessonia ((sı) p. 647) appears to depend on En Se 
in the colour of the cell-contents and the size pigs differences 
Thalassiophyllum (143) they are due to differences ne cells, whilst in 
thickness of the walls of the secondarily formed ele DS colour and 
matter of debate whether the successive rings re Br lt IS stilla 
ments. Forthe Laminarias of the Norwegian Go Dë, v 
relates them to the annual renewal of the blade and beli SE m 
represents a year's growth (cf, also (100) P- 553, (106) E pu 
have brought them into relation with the e 5 M 
series of haptera. NM 
In the mature stipe the horizontal walls of the inner cortical cell 
usually show a number of pits which are commonly arranged in a 
(fig. 85 M, O) near the periphery (638) p. 127, (181) d 5 s 
PP. 303, 312); the pit-membranes are stated to be iid by 
delicate cytoplasmic connections and similar plasmodesmae are re- 
ported in the septa of the hyphae and of the cross-connections (is) 
(195) PP: 19, 48). Church (@2) p. 77) records numerous pits on the 
tangential walls in the secondary cortex. In the medulla and in the 
parts of the inner cortex immediately adjacent to it the cross-walls 
show a fine sieve-like pitting which is often very evident on the septa 
of the young trumpet-hyphae (fig. 85, L); such structures are often 
referred to as sieve-tubes. According to Sykes (488); cf. however (5!) 
P. 583) the young septum is traversed by numerous cytoplasmic 
threads (fig. 85 J), exhibiting a varied arrangement; in the older ones 
each thread becomes converted into a slime-string enclosed in à rod 
of callus. 
Sieve-tubes of a more distinctive type are found in the inner cortex 
of Macrocystis and Nereocystis (fig. 85 I; (105) p. 287, (121), (179) P: M) 
l Macmillan also describes rings in Lessoniopsis ((106) p. 327) but here thej 
appear in tissue formed from the meristoderm. 


al 
Etistem 


y meristem fh 


CC-0. In Public Domain. Gurukul Kangri Collection, Hari 


S (169) 
gei 


cells 
ring 
(188) 
] by 
e re- 
(194), 
| the 
| the 
valls 
epta 
ften 
(181) 
mic 
me 
rod 


rtex 
19, 
hey 


itized by Arya Samaj Foundation Chennai and eGangotri 


Fig. 85, Pits and si 

iria (Tum) A m of cadum A-G, J, K, M, Macrocystis 
5) transverse section se inal section of inner cortex, with sieve- 
tru pet-hypha with SN Haben cortex; C, young sieve-tube; 
ble; G, part of a sieve = us; E, F, two stages in development 
i ie of the pores; seen -p ae showing four stages (1-4) in the 
vals: SE Partly in grou Re ot a young sieve-plate showing cyto- 
med eit-tection of CEN , old sieve-tube, callus-deposit on side- 
0 d al cell, showing the septum. H, O, Laminaria 


r ansVerge sacre DUE. sieve- : ; 
Lut Section of ae from inner secondary sieve-tube; 


Petion gg Mert, il cell showing the septum. I, Nereocystis 
N Lapis C tubes (st) I» diagram of cross-section of stipe showing 
Fon 4 Clouston; 7 = Alaria esculenta (L.) Grey., trumpet-hypha. 
Lube a callus; D En transverse section of stipe showing 
t Wile; ter Oliver f yphae; m, medulla; p, pit; sp, sieve-plate; 

j after Foslie a Oltmanns: Bafter Will; I after Macmillan; 


> the rest after Sykes.) 
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(193) p. 825), and it might be ages to restri 
structures. In transverse sections (fig. 85 B the thee. 
rather thick-walled elements (st) which tre ae as large E 
distinct radial rows and are surrounded by dense E More 
(hy); the septa are differentiated as typical sieve-plates (5) 0 
by coarse pores. These structures do not show t m p 
septa that characterises the trumpet-hyphae of the me dul i n 
In general they pursue a longitudinal course, although ne ng. 8; A), 
ones are linked by short cross-connections, the septa or Shbouri, 
likewise “differentiated as sieve-plates. The considerable Which à 
specialisation of the cortical sieve-tubes of these two genera Ge 
to be related to the great length attained by the Gees o 8 perha 3 
necessitates conduction over a long distance (Ga p. 113) pes which 


ct the name to: 1 


According to Sykes (188) “sieve-tubes’””, similarly dis 
rows, occur also in the inner cortex of Laminaria © * 
probably of other species. These structures, however, Be Lat 
the large size, nor the well-differentiated sieve-plates found in the a er TR 
tubes of Macrocystis and Nereocystis; in fact, except for the deel T e 
marked inflation at the septa, they resemble the trumpet-hyphae of n Mat? 
medulla. There can be little doubt that all these structures are homo. respects 
logous with one another and that, in the older parts of the Stipes where altogeth 
no further additions to the medulla are being made, “sieye-tubes” are the 
which have not been drawn out like he trumpet-hyphae, are dit (pp. 102 
ferentiated in the inner cortex. It would seem, however, that this forma- the your 


Posed in radial 


tion of extramedullary sieve-tubes is limited to the innermost region the upw 
of the cortex. d width o 

In Macrocystis (188) the young:sieve-plate (fig. 85 E) shows essentially These n 
the same features as the septa of the trumpet-hyphae. Later each length a 
primary cytoplasmic connection divides to form a group (fig. 85 F), septa, al 
each member of which forms its own callus-rod. Still later the indi- 48 cond 
vidual strands of a group fuse to form a single slime-string (fig. 85 G; Pp: 104 
1—4 are successive stages), and in this way the coarse pores of the sieve- remain « 
plates are produced. f der 

Both in the cortical sieve-tubes and in the trumpet-hyphae of the of the | 
medulla the older septa become obliterated by deposits of callus (fig. 85 called * 
A, D, c; G21). This appears to take, place centrifugally, since the ad 
medullary elements show such deposits at a time when the cortical SC ji are 
exhibit few traces of them. In older trumpet-hyphae callus may g oubt t 


deposited almost throughout (fig. 85 K). The elements, which m m number 

obliterated, usually have appreciably thickened walls, the thic 

consisting mainly of cellulose. Ve 
Both the trumpet-hyphae of Laminariales as a whole and the sie 


ut ments, The | 
tubes of Macrocystis and Nereocystis are no doubt conde RE a chat 
which according to Rigg (136) are specially concerned pim M the cortex the med 
of protein (cf. however (12)). Wille (194,195) regards the a in the young b not 


as storage and mechanical elements, and it is possible t 
stipe they furnish the chief strengthening system (cf. 4 


4 e, 
: Eam ocatedin 
older plant, however, mechanical elements are principally! 


e 
Iso (28). 21 the 
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of the inner cortex and it is no doubt 
e marked tensile strength of the stipes 
pons! dulla of the mature stalk of Alaria esculenta 
oval me hy oh strongly thickened cells. In Sacco- 
S ee E p. 204) records, at the periphery of the 
Setche like thick-walled elements (between 3:2 and 
ayer of SH, removed from the other tissues by macera- 
elt ) which e eruption through the transition zone from 
jo. extends withou s structures Occur in S. bulbosa ((156) p. 119) 


iacent parts 
à ‘ple for th 


j D d de. Analogon 6), while a similar distribution of mechanical 
E 2 


a 
(107) p.739 
peggar (o obtain in 


arked extent in 


gi . 
tipe ar 

fthe mature S 

E hyphae of young 


Lessoniopsis (196) p. 327; fig. 83 G, H, f) 
Cymathere ((s3) p. 91). These mechanical 
e probably in most, if not in all, instances 
er stages which have become extremely 
y extensive thickening of their walls, and 


att, filled with callus. Such changes are recorded in 


+ part become 


i E stis (105), S 
Alaria (55) Wr dn p. 579) consists of nearly isodiametric cells. 


medu d description (156) of the anatomy of Saccorhiza’ 

Sauvagea® of development (cf. also (155)) differs in certain 
bag at various stages dren ff Laminarial pet 

ects from the accounts given tor other aminariales, and it is not 
ES clear whether the differences are peculiar to this species or 
qc the outcome of differences in interpretation. According to him 
(pp. 162, 116) the medullary cells ( ‘solenocysts”?) multiply, already in 
theyoung stipe, by the formation of outgrowths which extend both in 
theupward and downward directions and enlarge until they reach the 
width of the parent-cells; they may produce others in the same way. 
These medullary elements (fig. 84 F, H, s), which may attain a great 
length and only rarely branch, are multinucleate and possess but few 
septa, although they show occasional constrictions (t); they are regarded 
s conducting elements (p. 124). Other outgrowths (‘‘allelocysts”’, 
PP: 104, 122), Which arise from the medullary cells (cf. (xo) p. 54), 
ee (fig. 84 H, I, a) and appear to correspond to the hyphae 
(ii a tons (p. 123) of other investigators. In the medulla 
clle en (p. 120) distinguishes longitudinal elements 
dap GE (fig. 84 F, cy), composed of a number of 
they ate believed to / multinucleate cells with few chromatophores; 
doubt that a com z ER from the solenocysts ". 'There can be no 
number of nn Investigation of the histological structure of a 

es would furnish results of interest. 


së (d) THE STRUCTURE OF THE LAMINA 
Mature lamina ( 


t, OWin, 
du g to 
8 


d P: 581) shows the same basic structure as the 
llary Tegion es ener surface-enlargement, the elements of 
S GE out in all directions (fig. 87 E, me) and 

tipe, Me longitudinal course which is charac- 
nner elem cover, except where special ribs are de- 
ents exhibit a relatively loose aggregation. 
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The medulla occupies a rather narrow ta 

bounded on either surface by a cortex (ic an 
number ofcell-layers;theinnercortex is 
The network of medullary cells and c > 


Y as the 
ji their longi. 
a NECtion 
((79) p. 452); in the older blade it is ale ies ongitudinal 
tinguish the two kinds of structures. In Alaria ( Y Impossible to d 
lary elements are mainly orientated at right prs 28) the medu. | dml div 
that. the blade tends to tear in this direction E S to the midrib $0 ol ( 
and other thickened parts, hyphae are not near! RU In the midrib, | pone" 
stipes; they exhibit a far more irregular Due S abundant as in the polie 
The early stages in the development of the blad h be 
specially studied in Saccorhiza bulbosa by Sauva Na been | dit 
107, 109). According to him periclinal division Be (tso) PP. 98, Hairs à 
only takes place exceptionally (cf, also (132) P. 37 i | surface-layer but they 
meristematic region at the pase of the blade—at SE P: 29). The | Sur 
layer (cf. p. 225), later composed of two and then N | I 
layers—furnishes by the anticlinal division of the cell fea BE m. 
layers forming the cortex of the blade. The cells Site BECH oam 
layer divide crosswise by frequent anticlinal walls whilst pe p. 116) t 
jacent layer or layers, which owe their origin to e merist : d - |. medullary 
_ transition zone and not to division of the surface-layer EN E man 
large to keep pace with this surface-growth. och (c se a hairs disa 
reports essentially the same in Costaria. nb [n con 
The mode of origin of the medulla is scarcely clear. Sections of | fr o 
young blades, after the four-layered condition has been attained, show | member 
3 a em of elongate elements (fig. 82 J, K, me) which exhibit | N the ya 
AS x: i ion e the peripheral layers and afford no satisfactory Ss 
: rigin from the latter (cf. (161) pp. 195, 205, (179) p. 123; d 
(204) pl. 55, figs. 43, 44). Drew (Go) p. 187) and Killian ((79) p. 449) goth t 
describe how the older germlings of Laminaria exhibit the graduil ba ant 
spread, from the transition zone upwards into the blade, of a dark area Se div 
(fig. 65 G, H, m) marking the appearance of the first medullary el- | “ite 
ments within the latter. This is in agreement with Sauvageau's in- 
vestigations ((156) pp. 106, 115), according to which the medulla in 
the blade of Saccorhiza originates by the upward extension through 
the now elliptical transition zone of medullary cells (‘‘solenocysts | 
from the young stipe, their ‘prolongations spreading out bau 
within the mucilage between the cortical layers on the two surfaces 
of the blade. These observations furnish an explanation for the sharp 
contrast that is often evident, both in younger and.older stages, be- 
tween the cortex and medulla of the lamina. Sauvageau (p: 107) sea 
that the blade is always thicker at the base than above and this fach 
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. 41 agrees with a penetration from the 
E a Eier level, E a result of the rapid 
e spread out between the cortical layers. 
s observations on Saccorhiza and other 
cated.. The medulla does, however, also 
rtex of the developing blade, although 
s is at present unknown. In Saccorhiza 

describes the ingrowth of cortical cells into 
J ius created in the cortex being filled by peri- 
the ga urface-layer. The elements thus added to the 
of M rives", fig. 82 L, mu) are multinucleate and 
S haut developing septa (cf. fig. 84 J, mu); they 


ageau’s 
ly indi 


nidribs s short and narrow e (br) pyrene of which 
in the eie te with one another, as well as with other elements 
| Weg and medulla. 

n been f he tas frequent as in most other orders of Phaeophyceae, 
Dp. 98, Hairs are pos the blades of various genera (Alaria ((113), (195) p. 36; 
e-layer J putthey occur (6) p. 202; Nereocystis (105) p. 291 ; Costaria (204) p. 701; 


IE en They are colourless and show the customary basal 
S i ing tufts, which in later stages commonly occupy 


lly formi . 
i Eu: to rapid growth of the surrounding cells. Dyes 


cessive seite very rapidly into these hairs ((195) p. 37). In Saccorhiza ((156) 
ga P nf) tho tufts often arise opposite the enlarged termination of a 


medullary cell ( solenocyst ") which, according to Sauvageau, is con- 
tinuous from the stipe into the blade. In Alaria and Nereocystis the 
hairs disappear in the mature plants. 


In conclusion we may endeavour to form a general picture of the 


ons of | south of a Laminaria or other similar, not markedly modified, 
show | mnberof Laminariales. The seat of active cell-division is doubtless 
hibit inthe vague region known as the transition zone which is usually 
ior ` 1 Zürich circular in section at the top of the stipe, but more or 


les markedly elliptical at the base of the lamina. At periods of active 
Ga the surface-layer in this region is undergoing copious division, 
dune ud periclinal. In passing to the maturer parts of the 
ny it cont this meristoderm gradually ceases. In the blade, how- 

Inues to take place abundantly, although it is entirely or 


SCH 
CH 
adual 
k area 
y ele- 


SM almost enti ` 

Go ine, eat great surface-enlargement occurs. 
e probably tortie ES -division in the transition zone is a hollow, 
s") à core of mature 5 ost part one-layered, cylinder which surrounds 
E Fear young ae maturing tissue. All the cortical layers of the 
faces n According to L Pe are furnished from corresponding layers of the 
harp wi 0 RE footnote On p. 226) the considerable thickness of 
be: H be 0 finds mina is due to a great development of the cortical 


tates 
fact, 


at SEHE ARS 
Faire, Hie 118) Ge new blade of Laminaria is thicker than the old 
he med er. This is GE as the former enlarges, it becomes pro- 
a, Ost entirely due to a decrease in the thickness 
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transition zone. The medulla of the blade arises par; 
of the stipe, as the first-formed medullar 
ward and downward directions within the transition zo p 
be that there is no direct extension of the medulla int It may Wel | 
that, as additions are made to the four-layered base of i e blade. but 

latter acquires a medulla of elongate cells in the same m e lamina, the 
a medulla differentiates in the transition zone. This Pictu aS such 
to reconcile the diverse data to be found in the literature endeavour 
córresponds with the actual state of affairs only detailed SE farit 
on living plants can show. ODservations 


rı pas 
y cells elongate (ih 


€aSure 


(e) MUCILAGE-CANALS ((s7), (138) p. 124, (193) p. 803) 


& System in the Outer 
several Laminariales:i 
J 


Mucilage-canals, which form an anastomosin 
cortex, are met with in the stipes and blades of 
in certain species of Laminaria (L. saccharina, L, digitata) and į 
Nereocystis and, Cymathere (81) p. 581) they occur only in the b] M 
As a general rule the canals of the stipe are arranged in a single L 6s. 
in transverse section, but in L. Lejolisi ((25) p. 105), as well as ia 
Cloustoni, they may form two rings ((156) pp. 161, 186), while in the 
older stipe of Macrocystis there are several concentric Series (ty 
p. 119). They are invariably situated on the outside of the Secondary 
meristem above described. In the laminae the canals constitute 
separate systems on the two faces. 
In Laminaria ((s7), 656) p. 179) the mucilage-canals develop 
schizogenously at the upper and lower ends of the transition zone, 
and this is no doubt true also of other Laminariales. They first appear 
between the surface-cells as narrow slit-shaped spaces (fig. 86 B, 3), 
which are radially elongated and, as a result of the division of the 
meristoderm (m), gradually come to occupy a deeper position: as this 
happens, they widen and become spindle-shaped. A few millimetres 
beyond the transition zone the mucilage-cavities undergo tangential 
enlargement and, as a result, they fuse with one another, both in the 
transverse and longitudinal directions, to form a continuous network 
(fig. 86 C), which varies considerably in the shape and size of the 
meshes ((57) p. 27). Simultaneously they become protruded on D 
outer side (fig. 86 A) and extend into the meristoderm, common} 
penetrating to the surface, where they may even cause slight SE 
nences; there is, however, no evidence of a direct connection with t 
external medium. d the 
At the inner margin of the mucilage-cavities, not far beyon large 
place of their first formation, there appear small cells with ^t 
nucleus and abundant granular cytoplasm (fig. 86 B, e). Thesen | 


> a, Pleuro- 
1 Mucilage-canals are lacking in Saccorhiza, Alaria, P. engt in some 
phycus, Thalassiophyllum, Egregia, Costaria, Dictyoneurum, as x 


species of Laminaria (e.g. L. Agardhii Kjellm.). 
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stitute an irregular layer over the inner 
n longitudinal sections, however, 


lated groups (fig. 86 C, e) and, 


M 


lly con 
gue Zoe A, e). 1 
se cells form 150 


netres 
ential 4 
inthe | 
twork 
of the 
their 
nonly 
romi- 


th the 


Fg 86. A-C 


Guignard Ai 
through ui = 1n a transverse 


Tansition zon 


Rental sectio 
do), f 


d the 
large | 
Itiply 


towards surface; ch, chromatophore; 


+ €, secretory cells; f, fucosan-receptacle; m, meristo- 
aces and canals. 


[euro 


ey h ss 
(some S a She Characteristics of secretory cells, they do not 
€ formati of ty] epithelial layer. Oliver (G21) p. 100) describes 


Ose-like structures from these cells. 
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According to Guignard the secretory cells deve] 
Laminaria. In Macrocystis, however, Skottsberg (a 
nises them before the appearance of the mucilage-space 
the secretory cells do not keep pace with the radial el althou 
latter, they are subsequently found mainly at its inner Ongation 
young lamina of Nereocystis the Secretory cells form a or m. n the 
ment to the canal ((105) p. 290). The mucilage within Pete invest. 
Laminaria differs from that of the cell-membranes ((56) a Canals of 
The large elements recorded by Gain ((45) P- 49) in td 122) p, t65), 
Lessonia, and described as mucilage-canals, are of doubtful alla of 

Glands of a different kind occur in Undaria (203) a ee 
young plants of certain species of Laminaria ((156) pp. > Se aS in the 
Alaria. Those of Undaria, which appear as dark dots chi 230) and 
‚over both surfaces of the lamina, are single cells of large size (fie EN 
F) situated in the hypodermal layer and formed by periclinal m 86 D, 
of a surface-cell of the young blade (204) p. 706). The sem division 
becomes flattened by the rapid enlargement of the gland and ae cell 
forms a thick hyaline roof to it (fig. 86 F, »), Ina Surface-view D 
rectangular areas (fig. 86 E) overlying the glandular cells are RS 
seen. Yendo believed that these cells produced mucilage, but aco 
"to Sauvageau Deh, (156) p. 10) they are fucosan-receptacles. The pes 
contents are colourless. : 


op Second 
79) p. 


of 


(f) ORIGIN or SPLITS AND PERFORATIONS sous 

` r 

As a general rule there would appear to be some factor causing local a 
degeneration of the internal. tissues during the development of splits likea 
and perforations, a process accompanied by the formation of furrows in the 
or depressions on the surface (fg. 87 D), but which of these changes only 
is primary and which is secondary is not always evident from the Th 
published accounts. As the depressions gradually deepen with the cover 
progressive break-down of the internal tissues, the meristoderm a 
divides and provides a continuous covering (fig. 87 F, G). Ultimately, a 


of the 


when the double layer thus formed extends through the whole thick- ate 


ness of the blade, complete rupture occurs, the freshly exposed edges 


s J rapid] 
being now entirely overgrown by the meristoderm (fig. 87 G). In most och 
instances at least it seems that there is never more than a very tem- medu 
porary exposure of the inner tissues. Th 


INO Specia 
In Laminaria Cloustoni (@9% p. 478) the splits are initiated by the I 


appearance of longitudinal furrows which probably result from ın- bur 
creased division of the cells of the meristoderm and aré often T This 
sooner on one surface than on the other. As the furrows deepen, Per Tepid 
appear in the internal tissues and the outer layer ruptures (fig: E o. devel 
although the exposed edges become rapidly overgrown (fig. uS orm 
These data are based on a study of regions in front of already SE Blade 
splits, and they imply that, in the species in question, pu ae y | Um 
are of primary importance, a conclusion apparently E afm "E bn 
Grabendörfer ((s1) p. 660) in Lessonia. It is not altogether cle 


t 
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G 


r the internal tissues are actually exposed. He 
t wave-action plays a considerable róle in the 

> oP i tha towards the margin (cf. also (161) p. 206). 
of the splits 126, (193) p. 805) internal changes are the first 
cystis (79) P. 3 AUR undergoing gelatinisation which results 
upied by mucilage (fig. 87 D, c), whilst 
f the meristoderm causes the forma- 
eneral agreement with the account given 
qe rows 291) for Nereocystis; he describes how, as the 
tion facmillan (es) > Enc separate meristoderm layers unite without 
ite furrows D L Wells ((x92) p. 223), however, states that it is 
„ destru erforation that arises in this way, while the forward 
dei P lits is due to excessive cortical division which causes 
ce of the Mere ayer and finally of the whole lamina. This is also 
f the sur ‘Dictyoneurum. In Postelsia, according to the same 
e so iis arise in regions in which division of the meristoderm 
m standstill, so that the lamina here remains thin and 
: vave-action ; 
Humphrey s account ((69) p. zer) of the develop. o epai 
jons in Agarum again places stress on a primary Groin of the meri- 
adem, Rapid local multiplication of its cells results in a papillate 
protrusion on the one surface and of a corresponding depression on the 
other (fig. 87 À). The meristoderm on this surface penetrates more and 
more deeply into the underlying tissues and, after reaching the medulla, 
continues to grow only along the sides of the depression, while that 
covering its base dies away (fig. 87 B, 1). The sides thus grow inwards 
likea circular punch and cut out the part of the medulla still remaining 
inthe centre of the perforation (fig. 87 B, 2). In A. fimbriatum Harv. 

only a few of the papillae become perforated ((134) p. 20). 1 
The diverse observations agree that the edges of the splits are soon 
covered by rapid growth of the meristoderm and other superficial 
issues, In this respect there is a marked contrast to the mode of healing 
Anne (mp. 468, Be: 13, (169) p. 145). If the superficial layers 
Ne ue a a Laminaria are removed, the intact elements 
Ne aa ace a to form perpendicular rows of cells which 
Seal (ie : p i In his studies of regeneration in Laminariales 
medulla that ae d d that it is always the inner cortex and 

me le ae orm the new organs. : : 

‘pecial features GN A P. 45, (160)) has drawn attention to certain 
er, In p Sine) oter with blade-renewal in the species of 
; omcraiii the first sign of the inception of this process 


à the ap 
«"PPEaranc d T S ER 
hisis followed ( of a slight dilation (fig. 65 J, c) in the transition zone. 


whethe 


on of a cavity occ 
rm: 

; face active €! 
uer ST ı This is in E 


rupture 0 
gated to b 
authority, € 
n practicall 
ets worn by v 


fig. 65 K 3 
hà Stparation 8. 65 K) by a transverse rupture at this level and the' 


fs ¢ Roo edges (fig. 65 E, L, M) as the new blade (nb) 
m Collars (6) at the = internal tissues; the ruptured surface layers 

“tenewal is thus op of the Stipe and at the base of the old blade. 
mee. effected solely by inner cortex and medulla; the 
(Baken 3 account of Rosenth 


l 


al ((138) p. 123) is described as erroneous 
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outermost elements of the former divide actively at ri 

surface and give rise to a new meristoderm e Oe Ae ight angles to th 

new outer cortex is formed. Dr Lund (cf, p. 226) a of Which e 
F S obse a 


rved Similar 


collapst 


no 
d igi CURT] 
DAR 
PERRA 


XN 
CRM CC CD 


The su 
(fig. 81 
stipe, W 
id 
cells art 
placed | 
and aris 
(igs. 65 
adin Z 
active g 
ones oft 
The | 
cells of 
that the 
inthe a 
Where t 
Part of t 
1o (i 
Which al 
no m 
Canals ar 


Fig. 87. A-C, Agarum cribrosum (Mert.) Bory, successive stages in formation 
of the perforations (after Humphrey). D, Macrocystis pyrifera (Turn.) Ag 
transverse section of blade showing early stage in split-formation (after 
Skottsberg). E-G, Laminaria Cloustoni Edmonds., successive stages 1n heal; 


ing of the edges of a split in the blade (after Killian). c, cavity; d, depression; f ofthe ha 
16, inner cortex; m, meristoderm; me, medulla; oc, outer cortex. Picked 
tin 
events in L. Cloustoni, but it is not known whether comparable ce tan 
are met with in other Laminariales exhibiting blade-renewsl. the bsc 
shifting of meristematic activity to deeper layers is paralleled in pi E 
older stipe by the secondary growth which is initiated in the ou | More 
cortex (p. 232). y 
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(g) AIR-BLADDERS 


dders of Nereocystis (105) and Macrocystis ((179) 

most part of cortex, although the inner part 
for Ke in Macrocystis numerous hyphae project 
Lë nz sc Macmillan a second meristematic zone is 
De À Accor ner part of the wall of the bladder of Nereocystis. 
no able in the Ns have a capacity of several litres. The con- 
gsi adders of Ner include carbon monoxide (I-12%), which is 
he D^; stated to nce of oxygen and is believed to be a product of 
only in the s Zeller and Neikirk @o7), however, record only 
jon 98199079779 ably larger quantities than in atmospheric 
Fr dioxide 1n ECT the bladder is often less than that of the 
ar, The ge E at different times of the day (40,211); neverthe- 
„mosphere and V can resist considerable external pressure without 
Jess the bladders 


ealapsing (70). 


the air-bla 


0. 
sist 


(h) THE HAPTERA 


succession of rhizoids that serves to attach the young plants 
fs, 81 H) is later replaced by the broadened base of the enlarging 
M which forms a disc fastened by numerous rhizoids and showing 
erch internal differentiation ((79) p. 463), although the inner 
kam somewhat elongated. In older plants the disc is mostly re- 
placed by special haptera which are arranged in approximate whorls 
ad arse in succession from progressively higher levels on the stipe 
(igs. 65 N; 66 I). They first appear as slight superficial puckerings 
adin Laminaria Cloustoni ((79) p. 465) are formed at the time of most 
ative growth, soon after the appearance of the new blade. The later 

ones often show considerable forked branching. 
The haptera are produced by tangential division of the outermost 
EE stipe (Gos) p. 23), although Church (@2) p. 63) states 
SCH a ones arise endogenously. Cell-division is localised 
oe ie Sen ((79) p. 464, (132) p. 374, (161) p. 199, (179) P: 93), 
Sa Sen arranged in well-defined rows. The inner 
en > apteron consists of elongate mechanical cells (cf. 
Which are often a with strongly thickened transverse walls 
hm medulla. AS ^ with numerous pits ((31), (79) p. 464). There 
ibaresometime a a few hyphae may be present; mucilage- 
‘thehapteron s Stound. When the substratum is reached, the tip 
Packed Thizoids m out and the surface-cells grow out into densely 
after attach; Er 465, G6), p. 199). Growth in length may con- 
at the primary disc is lifted off the sub- 


Tan d Ment, so th 
id o 

Sttbes g Pi 399). In Pterygophora Macmillan (Go7) p. 732) 
the older haptera. 


Owth-rings in 
More ` 
May. SP&cialj 
Los, a Hecht 


* bulbosa 


The 


ng organs are found in Saccorhiza and 
Most of the haptera arise from the bell 
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(p. 201) and this is also so in S. dermatodea, w 
conspicuous. The development of the bell (Go), 
198) is largely due to expansion of the med 
only a passive rôle. In Macrocystis pyrifera 
distinguishes, apart from the ordinary haptera 
at their tips, others that curl round forej 2 atta 

fixation. The attaching organs of the GE UD and so ane 
have been fully studied by Setchell (174); those of M of gent, 
particular, are very elaborate, being prostrate and dev à integrifolia, à 


; in 
floating shoots from their margins. NE numeri, 


here the latter is 
(156) p. 104, (161) 
ae the Cortex MU 

kottsberg ((179) 3 
Which become OE 


elop 


ASEXUAL REPRODUCTION 


The extensive sori (fig. 88 A, s), the position of w 

enera has already been described, invariably compr; m Ta 
SEH intermingled with abundant unicellular par 0 lout 
development? takes place in essentially the same way i i Ld 
nariales. The superficial cells grow out as a palisade-like lay pi 
88 B), and each protuberance sooner or later divides tangent (fig, 
a small basal cell (5) and the future paraphysis (p) which len 
lengthen. As the thallus enlarges, the basal cells widen and n 
paraphyses separate (fig. 88 E); they now occupy only part of m 
surface of the basal cell (fig. 81, K, p). The apices of the paraphyses 
however, usually broaden and remain in close contact with o 
another. During the outgrowth of the paraphyses the mucilaginous 
cuticle of the superficial cells is often merely stretched (fig. 88 B, cu) 
and constitutes a protective covering to the developing sorus; in 
Saccorhiza bulbosa (asc) p. 42) this layer even undergoes further 
thickening (fig. 88 C, cu). 

The paraphyses (fig. 81 K, p), which are usually club-shaped, show 
a more or less marked gelatinous thickening of the membrane at their 
expanded outer ends. Here lie numerous chromatophores (ch), whilst 
there are often abundant fucosan-vesicles in the interior. The oblong 
sporangia arise from the basal cells between the paraphyses (figs. 81); 
88 C, E, sp) and are thus protected during development. The efficient) 
of the paraphyses, however, no doubt varies. In Laminaria anc other 
genera the thick outer membranes often flow together to form a con: 
tinuous covering over considerable areas. On the other hand, 5 e 
Saccorhiza dermatodea (pop. 207) and in Cymathere ((53) p: gt 1 
paraphyses have only a slightly thickened tip. d om F, two 

The number of zoospores produced in the sporangia seems to S N 
32 are recorded in Laminaria ((150) p. 344), Alaria esculenta y) ie 
p- 224), Pterygophora (o3) p. 122), and Eisenia ((23) p: 496, (67) P: a 
Sie ter 


hich in the differen, 


` slong to 
! The plurilocular sporangia recorded by Buffham (19) belong 


blonema aequale (p. 58). y 
2 See (23), (67) p. 35, (93) p. 35, (156) p. 42, (158) p: 162, G 
p. 240. 


ox) p. aen (P 
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yer (fig, 
lly into 
nues to 
ind the 
: of the 
physes, 
th one 
aginous 
? B, cu) 
rus; in 
further 


], show 
at their 


whilst 
oblong 
s. $1]; 
jclenty 
d other 
a con: 
ne m fete Asexual reproduction of Laminariales. A, Laminaria digitata (L.) 
SE ly "s small part of a frond with sorus (s). B-D, F, Saccorhiza bulbosa De 
: F, ona and Ç, later stage in development of a sorus; D, zoospores; 
ovan E (one dehisced) with two paraphyses. E, Chorda filum (L.) 
a (Us! Seund ( en E sorus in transverse section. G-K, Costaria costata (Turn.) 
p. 37) liter stages, BR H, embryospore and first stage in germination; I-K, ai 
im, meristod, ayer of sorus; c, chromatophore; cu, cuticle; e, embryo- 
o Sire- Aer Boegen, Ban b, paraphysis; sp, sporangium; +, zoospores. (A-D 
7, (sd ter Kylin; G-K after Kanda; F after Thuret.) 
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sometimes 64 in the last two. On the oth À 

(93) p. 36) there are 16, while in Se p Chorda 
given as the probable number (156) p. 44). Zoe (fig. iN 
commences with successive nuclear division (fi "Bore develop ly 
panied by multiplication of the chromatophores e 9 A-D), SH 
essentially the same way as in Ectocarpales (purses and takes hes 
((93) p. 36) the 16 nuclei (fig. 89 E, n) at first lie ; ). Thus, we? 


sporangium, while the 16 chromatophores (c) d the midd] Orda 


€ of the 


position ; later the nuclei migrate outwards and Dy S Periphera] 
with the chromatophores, after which the rudimen ome associated 
t out b 
develop 


ts are cy 


simultaneous cleavage (fig. 89 F). The sporangia of a sor, 
s 


successively (cf. figs. 81 K; 87 C), although considerable numbers 
mature and liberate their contents at the same time ((67) p. 37, (59) 
P: 44, (159) p. 344). The wall at the apex of the mature sporangium 
usually becomes strongly thickened (figs. 88 F; 89 F; (6s) p. 346 
(93) P. 37, (104) p. 123, (156) p. 44), and dehiscence occurs here (df. 
fig. 88 F). Sauvageau suggests that it is aided by the pressure of the 
gelatinous paraphyses on the sporangia. The whole contents, en: 
veloped by a delicate membrane, are liberated with a jerk an 
gradually emerge from between the paraphyses. Jl 
The zoospores are of the usual type (fig. 88 D) and He 
possess a single plate-shaped chromatophore which often occur db 
considerable part of the periphery ((76), (14) p. 123); in Chorda d to 
are a number of chromatophores. The swarmers commonly ten 
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ong light (cf. however (213) p. 17), but the presence 
tr = 
rom St, 1 

a ; able. ee e 
de is variab din 1918 that the first nuclear divisions in 


ai (et P- 3 Pita are meiotic (fig. 89 G-I), and this has since 


angium av (qon p. 120) for Pterygophora and by 

ISP ed by ns (cf. also Gas), The haploid chromo- 

Binder (7 p. SC as 13-15 (20 in Chorda). There can be no 
b 


is à i 
sme gei Laminariales normally show an alternation of cyto- 
h 


nove 


entiate only on mature parts, which have 
owth. Their development usually coin- 
actically © mencement of the cold season, and the fertile parts often 
dish the com considerable part of the winter. Precise data, which 
ersist E Së indicate some degree of variability. Harries ((58) 
are rarely ie the three species of Laminaria (digitata, saccharina, 

§94) showe ‘ Welsh coast, mature in the order named, and 


h ; d on the : b on 
(ii this is correlated with their position on the shore (cf. 
on 179), whilst Sauvageau ((156) pp. 137, 201) reports finding 
al D? D 


: on adult plants of L. digitata and L. saccharina at all times of the 
d "The sori are commonly devoured by Mollusca ((156) p. 12). 


the sori differ 
ompleted their BT 


THE GAMETOPHYTES 


Although the female prothalli are often more or less clearly pictured in 
some of the older figures depicting the development of the young 
plants? it was only in 1915 that Sauvageau (148,140) reported the 
existence of heteromorphic alternation with two sexes of gameto- 
phytes. Prior to that it was generally held that the Laminariales 
showed no sexual reproduction ; erroneous observations of Drew (9), 
on the sexuality of the swarmers produced by the sporophyte, were 
disproved by Lloyd Williams (197). In 1916 Sauvageau (52) followed 
TERIS discovery by the description of the gametophytes of 
SE vee and L. saccharina and later (150) of those of Alaria 
Mas so (29). In the same year Kylin (92) confirmed 
desde ne servations on L. digitata (cf. also (90)) and in 1918 (93) 
1921 that Ka of Chorda. It was not, however, until 

lams (198) observed the spermatozoids and the process 


ageau (156) found none in Laminaria (cf. also (76) p. 255), but 


one j 

an) i On M E CE also (77) p. 105, (110)), Saccorhiza, and Alaria 

SC (cf. also (71) and, Kuckuck ((89) pl. 8, fig. 8) shows an eye-spot in 

D recorde, h While Printz ((128) p. 16) failed to observe it in Alaria. 

i 23), and Do HA NONE of Egregia ((115) p. 228), Pterygophora ((104) 
+ OR in Pe agophy (67) p. 37). The recent statements that flagella are 

e d Eisenia are erroneous ((67) p. 37). 
ficken (197). Williams (196) in 1900 described the formation 


ee (7), ( 
eech 
ed fila 
Tom germinating zoospores. 
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of fertilisation. Since then the gametophytes of nu 
nariales have been described. merous Lami 

The swarmers of a sporangium give rise partly to 
to female gametophytes. This was established by Sauvage Partly 
in Saccorhiza bulbosa observed the germination of the $ = (149), Who 
two kinds of prothalli while still enclosed within the S Into the 
similar observation was later made on Laminaria Can Din: a 
p. 192). By allowing the sporangia of a sorus of Laminaria a (ss) 
their contents into solidifying gelatine, Schreiber AN 
individual groups of spores and by subsequent culture show i 
male and female gametophytes are produced in equal] BE that 
a sporangium. Sex determination in this genus, and probably ; 
Laminariales, is therefore genotypic (cf. also (156) P. 4). Then Nall 
rence of swarmers of two sizes has occasionally been record RT 
but such differences appear neither to be constant (cf. (103 
nor to be related to sexual differentiation. 

The early stages of germination of the two kinds of zoospores are 
identical ((92) p. 554, (93) p. 21) and the differences between the sexes 
usually become apparent only after some time, although in Chorda 


male and 


E erate 
(159) Isolated the 


rs from 


ed (29,156), 
), (213) P. 22) 


| ((o p. 70, fragil they are evident before the gametophytes are a week 


old (cf. also (156) p. 45). The swarmer rounds off and secretes a thin 
membrane (fig. 88 H); the resulting embryospore puts out a slender 
outgrowth into which the bulk of the contents pass (fig. 88 H-J). 
Gradually the distal extremity of the tube becomes dilated (fig. 88 J, 
K) and at this stage the germling often appears dumbbell-shaped, 
Finally the contents collect within the swelling, which becomes 
separated by a septum (fig. 88 K), the orientation of which is inde- 
pendent of the direction of the incident light. It is this cell that 
divides to form the actual gametophyte and, even in late stages, the 
empty spore-membrane with its tubular outgrowth may remain 
attached to the prothallus (cf. fig. go D, F, I, e). In Alaria esculenta 
((156) p. 227), where the spore occasionally retains part of its contents, 
it may subsequently give rise to a second gametophyte, but this is 
exceptional. 

The filamentous gametophytes are commonly well branched and 
possess rather elongate cells containing a number of approximately 
discoid chromatophores; their habit is heterotrichous and growth is 
usually slow. The natural substrata are probably rocks and other SS 
((2) p. 560). The male gametophytes (fig. 90 P, I) are nearly a 
more copiously branched than the female, although the reverse con : 
tion has been reported in Costaria ((3); cf. however (76) p: 239) ally 
the other hand, the cells of the male gametophyte, though e 
more numerous, are invariably smaller than those of the emo 
sometimes also paler in colour (ren p. 899, (59) P- 217). E. and 
((77) p. 105, (93), (198)) the gametophytes are exceptionally ro 


A and (213). 
! See the enumerations in Goal p. 212 and (23), (65), (67), (114); ( o9) 
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phytes of Laminariales. A, B, F, Q, Laminaria digitata (L.) T 
» female gametophytes, in A with two embryos (shown 
male gametophyte. C, D, Arthrothamnus bifidus (Gmel.) 
etophytes, E, G, H, Saccorhiza bulbosa De la Pyl.; E, 


E 8ametophytes. I, M, Alaria esculenta (L.) Grev.; T 
T PASCO hytest J, P, Laminaria saccharina (L.) Lamour., | 
9spore-formation. K, L, Alaria crassifolia Kjellm.; | 
» male prothallus. N, O, R, Macrocystis pyrifera (Turn.) | 


»Spermatozoid. a, antheridium; c, chromatophore; 
iJ; Ovum; n, nucleus ;0, Oogonium;s, spermatozoid ; 
wall; z, zoospores. (C, D, K, L after Kanda; I, M 
er; N,O, R after Levyns; the rest after Sauvageau.) 
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richly branched, while in Egregia accordin 


both kinds consist of only a few cells. 8 to Myers (qs) p. 229) a 
The data on the size of the gametophytes are ho de 
observations made in cultures, where their deele based A P f 
retarded (cf. (20), (110)). Both form and size do in fact > RW likely to be an e 
with the temperature, the light-intensity, and the kind rd apDreciabi m 
available ((s8), (76) p. 256, (92) p. 557). According to S aan salis Cu 
p. 336) gametophytes, as well as sporophytes, of hv Teiber (liso M 
growth even at higher temperatures, although they ie an 00 K 
also (191)); when the temperature is lowered gametes on Sterile (of Um 
(cf. however (67) p. 38), whilst when it is raised their fo Produced 4 | 
arrested. This perhaps accounts for the practical estricto NN is (ie) 
nariales to colder seas. Regeneration of the gametophytes fine Lami. Pier) 
ments or isolated cells has been reported ((so) P- 214, (159) p a frag. b. 
The antheridia? (fig. 90 F-H, L, M, a) arise singly or in ; hs 

4 the tips of the erect threads or as lateral outgrowths from oun at Schr 
3 side of the creeping threads; intercalary antheridia, formed by cd he 
verse division of the cells, are not uncommon. The antheridia an divisi 
“small, colourless or almost colourless structures, which at best cone sidera 
only one or two much reduced chromatophores ((67) P: 39, (02) p ain MA 
(93) p. 22, (94) p. 71, (156) p. 146). The entire contents are SE n 
form a single spermatozoid. The wall at the apex becomes protruded gis 
and markedly swollen (fig. 90 F, G; (67) p. 38, (198) p. 605), and here phase 
an aperture is formed (fig. go L) through which the male cell (s) i alae 
_ liberated. The ellipsoidal or pyriform spermatozoids ((76) p. 256, tation 
(104) p. 126), about 4 long, possess the usual two laterally attached ME 
flagella (fig. 9o K, R); an eye-spot is reported in Pterygophora (104), but aa 
appears usually to be lacking. The male gametophytes commonly die Ee 


after liberation of the sperms. Sauvageau ((156) p. 3) comments on the 
marked protandry exhibited by the species studied by him. pu 


In the female prothalli (fig. 90 I, Q) any or all of the cells may en: a 
large to form oogonia (o). The latter are either pear-shaped with the : 
upper extremity narrowed or dilated, or they may be tubular (fg. = 
go D, I) or even lobed (G28), (156) p. 227). The wall at the distal end a 
of the oogonium usually becomes greatly thickened (659 p. 51) and nl; 
in Laminaría(98) three distinct layers can be distinguished. Ihe 
numerous chromatophores become crowded together at the apex N 
the mature organ with their long axes parallel to it, which propa 
indicates a marked internal pressure playing a rôle in dehiscence: he 

1 In Pleurophycus (4), as well as in Costaria and Arthrothamnus (79), sot tea 
that differ in minor particulars from the ordinary type have been Se H 

* In Laminaria religiosa Ikari (71) recorded two kinds of male panels no celle 
bearing unilocular and plurilocular organs respectively. There SE some (fe, 
doubt, however, that those with plurilocular sporangia belongs p. 258): fertil 

A foreign alga (Ectocarpales ?) that had invaded his cultures UE em Wal 


Ikari’s figure of a monoecious gametophyte is probably an f. also (87) p. 79^ 
tion, since zoospores often germinate in close juxtaposition (ct. 2 
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3 ovum, which is normally liberated prior 
ats form 2 eg apical aperture (fig. 90 C). After the 
Ar the thick elastic edges of the wall again meet 
which the ovum usually remains attached for 
fter fertilisation (fig. 90 C, Q). In Chorda 
6) the mature ovum merely lengthens out of the 
x Macrocystis (fig. go N, O) it is stated to be re- 
st fertilisation ((103) p. 351, 0192); this is not confirmed 
r 


jatform tO 
Je time 2 


observed in Laminaria (198), Pterygophora 
103) p. 351), and Eïsenia ((67) p. 40). In 


il P lei are in early prophase, while in Eisenia 


p pl ser WT, to enlarge appreciably during fusion. The 
frag, n 4 thin membrane and develops into the sporophyte 
) jp secre resting period. Parthenogenesis has been reported by 
Ups at n s p. 341), but its occurrence in nature is not established ; 
upper Schrei E s from the parthenogenetic ova show irregularities in 
trans. E possibility for natural hybridisation must be con- 
ia are eae but Schreiber’s attempts to produce hybrids artificially 
ee a unsuccessful. 
Bo In Saccorhiza bulbosa ((156) p. 51) the female zoospore commonly 
sed to wes rise directly to an oogonium (fig. 90 E), without any vegetative 
uae phase. This is the simplest type of gametophyte known among Brown 
5 Alpe, and its discovery has played a considerable rôle in the interpre- 
e i taion of the life-cycle of Fucales (p. 380). Such extreme reduction 
E seems to be frequent in this species, although occasionally much more 
ÿ but extensive gametophytes are formed (s6) p. 51). A tendency to reduce 
ly die the female gametophyte to a single cell has been observed in cultures 
e inother Laminariales; thus, it has been reported in Laminaria ((156) 
P 146, ren, Egregia (trs) p. 229), Macrocystis (Gos) p. 350), and 
y en- Arlhrothamnus (fig. 90 C ; (76) p. 234). The one-celled condition seems 
th the tobe frequent in Laminaria Cloustoni (Gs6) p. 193) and in Arthro- 
r (fig. lumus but it remains to be determined how far such simple 
il end nara are the result of cultural conditions. According to Sauvageau 
and ER female prothalli of Phyllaria reniformis Rostaf. are“ parasitic " 
n nlithothamnion lichenoides. 
ex 0 
| abl; 
i In cult A STATUS OF THE LAMINARIALES 
othall pen, taria saccharina Pascher (123) reports a precocious 
ct VIS just m nua in embryos in which surface-development 
pup cl stage mede DuC RUNG still in the filamentous (2-8- 
some B90} p s . 4-6 swarmers from certain of their cells 
ass) ted oy ey ane instances were even observed in which the 
m Umber of ie out further segmentation, divided to form a 


ive elements. The last condition does not differ 


In Public Domain. Gurukul Kangri Collection, Haridwar 


SORTIE 


Digitized by Arya Samaj Foundation Chennai an 


252 LAMINARIALES 


from that which obtains in an isogamous or oo amo 
i ; 2 us G 
These observations suggest that, under certain cire on 
duction of zoospores might take place without the HORTUS 
elaborate sporophyte, and they lend support to the VON V men 
isomorphic origin forthe sharply distinct generation o 
Moreover, both they and the early stages of develo 
sporophyte point to simple filamentous ectocarpoid Aust of th 
derivation of these elaborate forms. It is noteworthy he for the 
gametophytes are heterotrichous and in great part Be lb the 
sporophytes, even in the reduced stages just described, are 
the first. The Laminariales may in fact be regarded as Ox 
an extreme the elaboration of the sporophyte so evid 
Ectocarpales, while the filamentous heterotricl 
retained by the gametophyte (cf. also (@12)). The absence ofapr 
system in the sporophyte finds its parallel in other highly ke 
ated series (cf. pp. 179, 191). érenti- 
The Laminariales would thus exhibit the ultimate 
the tendency towards a parenchymatous construction 
Ectocarpales and realised in such forms as Litosipho 
siphon. The relatively simple genus Chorda is relevant in this connec- 
tion, for although it is quite like other Laminariales in reproduction 
and life-history, it is less specialised morphologically and anatomically. 
It may well owe its simplicity to the non-differentiation of an ex. 
panded lamina, since this probably necessitates a more elaborate 


anultim 
: ati 
S Of Laminatiales 


trate, the 
erect from 
hibiting to 
ident amon; 
hous habit has been 


development of 
evident amon 
n and Stictyo. 


centr 


mechanical construction, such as is supplied by the medulla of the Anta 
stipe of most Laminariales. The marked activity of the meristoderm subst 
is foreshadowed in diverse parenchymatous Ectocarpales (p. 114). regio 
The specialised sori of Laminariales are likewise already indicated in curre 
some of the more advanced representatives of the latter order. Lowe 

Both Laminariales and Fucales show the development of a far Afric 
more elaborate plant-body than is usually found among Algae. Alike Tegior 
in their morphology and their anatomy they exhibit features, which spher 
find a certain degree of parallel among higher land-plants (2) and are Ty 
probably an expression of general tendencies in somatic evolution. iz 
Since the early stages in the origin of land-plants are likely to remain Mo 
unknown, these elaborate Brown Algae may perhaps afford some data JEN 


ae e 


as to the possible lines of development that were followed. It must Lat 


3 o H N et 
be emphasised, however, that the system of intergrading tissues m 
with in these forms is without parallel among higher plants. 
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N AND GEOGRAPHICAL DISTRIBUTION 
ATIO ; à 
IFIC od based on Setchell (662) p. 337, (176) p. 590) 
ation— ^? bi in the preceding matter is as follows: 
pas been adopte 
horda 
Chordacea® e 
De Laminaria, Phyllaria, Saccorhiza. 
lile Laminarteae: Cymathere, Pleurophycus. 
the a thereae: CY ney A 
te, the Cyma 2: Agarum, Costaria, Thalassiophyllum. 
ct from ) AP r phylleae: Arthrcthamnus, Hedophyllum. 
ting to (n^ 
we ; Gen Dictyoneuropsis, Dictyoneurum, Lessonia, Nereo- 
een (a) Less 5 S 
o tis, Postelsia. . 
mae Mm siede: Macrocystis, Pelagophycus. 
P Lessoniopseae: Lessoniopsis. 
rent of 4, Alariaceae: : : 
UG (à) Alarieae: Alaria, Hirome, Phyllogigas(?), Pterygophora, 
pe Undaria. 
(mer. (0) Ecklonieae: Ecklonia, Eisenia. 
Sn (o) Egregieae: Egregia. 
Lically, Ee re 
an z The Laminariales are characteristic of colder seas, and their chief 
borate centres of distribution (see the map) are circumpolar in the Arctic and 
of the Antarctic regions (162). Here they occur wherever there are suitable 
oderm substrata, free from permanent ice ((140) p. 150). From the polar 
114). regions they extend into the temperate zones and, where cold ocean 
ted in currents sweep along the coasts, as for instance along the shores of 
: vir California and Peru ((68) pp. 2, 55) or the west coast of South 
a ar | Au certain genera penetrate far into subtropical or even tropical 
Alike regions, The genera occurring in the Northern and Southern Hemi- 
e em are in large part distinct. 
ae en the Northern Hemisphere are the Chordaceae, Lami- 
2 toNorth fave and Agareae, although the last-named are restricted 
SC ac Greenland (@) p. 18, (63), (75) p. 24, (49) p. 169), and i 
must are essential] of Asia (cf, (69) p. 198 and the map, Ag). The Laminarias ' H 
s met ellisi pe enn in their distribution (3,82, although L. H 
afew species ee on parts of the Atlantic coast of Morocco (26) and | 
( tev). Ag. at ent in the Southern Hemisphere (e.g. L. pallida Mi 
Bla (Bory) j. € Vape (es), (213)). Saccorhiza dermatodea and Alaria i 
P1 69) p. 75 E occur over a large area of the North Atlantic ((38) E: 
) 


Cape Cod pe? 75) Pp. 21 

Pe 1» 31, (84) p. 20, (140) p. 169). South of the 1 
dette en 2 Caminariales only play a small róle ((34) p. 5) on j 
o SH (Lamour ar America. In the Mediterranean Phyllaria 
aminarig p ^ NOStaf., Saccorhiza bulbosa (6) p. 144, (157) p. 4), 


Ddriguesi 5 
Suezit have alone been recorded; the last is stated 
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to occur-mainly at depths of 100—150 metres (17). 
member of m order from the Gulf of Ne voll (11) lists m 
The Pacific shows a considerably greater diversit 
does the Atlantic, and both on the Asiatic and on the 
(a75) p. 168) members of the order extend far towards t 
although the two floras are in part distinct. Character; he so 
North Pacific, both on the American and Asiatic hone Of the 
Cymathereae (44), (82), (146) p. 393), Thalassiophyllum, the Hed are the 
(Hedophyllum, Arthrothamnus), and Costaria. Undaria E Phylieae 
appears to be confined to Asia, while along the American SE 2, U) 
in part extending down to Lower California are found imm E and 
characteristic Lessonieae (Dictyoneurum, Postelsia), as JAM er of 
genera Costaria, Pelagophycus, Nereocystis (cf. also (112) D i 
soniopsis, Pterygophora, Eïsenia, and Egregia (see map 2): E Ta 
Pelagophycus is restricted to the southern part of this region i 
compared with the Arctic regions the Californian coast has KU 
Alarieae and is much poorer in Laminarieae (here L, Sinclairii) il 
Agareae (only Costaria). 
The characteristic Laminariales of the Southern Hemisphere are 
Lessonia, Ecklonia, and Macrocystis ((60) p. 457, (61) P- 217), while the 
imperfectly known genera Phaeoglossum and Phyllogigas are at present 
only recorded from the Antarctic (179). Macrocystis (see map 2) is 
probably most abundant on the shores of Patagonia ((179) p. 132), 
extending from here down to the area of permanent ice, but it is also 
widespread in Australia and New Zealand, and South Africa; in the 
last-named area it is practically confined to the east coast with its 
colder water ((27) p. 63). Ecklonias are well represented in Australia, 
as well as in South Africa, which harbours the largest species of the 
genus (E. buccinalis). Most of the striking Lessonias are confined to 
the South American region around Cape Horn, although L. flavicans 
is recorded from New Zealand. L. laminarioides is a characteristic 
component of the flora of Japan and of the adjacent shores of Siberia. 
Macrocystis pyrifera (see map 2) has the widest distribution of all 
species of Laminariales. Its area extends over the whole of the 
Southern Subantarctic zone ((60) p. 461) whence it has been E 
tributed by Antarctic currents to many of the outlying b. 
(Kerguelen, Tristan d'Acunha, St Paul Island). It follows ai 
Humboldt current up the western shores of South America ( tp 
accompanied by Eisenia Cokeri and Lessonia nigrescens) as n M 
equator (68), and, passing to the cold waters flowing 1n from t e i 
Pacific, extends along the entire western coast of North Ame 
to British Columbia (nei p. 365, (174) p. 446). 


y of forms tha 
American Shore 
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eis) Lunds Univ. Arsskr. 4, No. 10, 1867. 
‘De Dan: domen af Grónlands Laminarieer och 

LD: Bidrag till Känne 
Lë Bi Akad. Handl. 10, No. 8, 1872. 3. ANGST, L. 
"^ costata? Publ. Puget Sound Biol. Stat. 5, 293-307, 
ostar psérvations on the development of zoospores and 
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the mucilage glands of Undaria? Ann. Bot. 23, 613-21 

K. ‘The development of Costaria, Undaria, and Jn m 
715,1911. 205. YENDO, K. ‘Notes on Algae new to pes oe 
Tokyo, 28, 263-81, 1914. 206. YENDO, K, ‘A ip Japan. I po, 
Alaria? Journ. Coll. Sci. Imp. Univ. Tokyo , 43, 1-145 vograph s 

S. M. & NEIKIRK, A. ‘Gas exchange in the I EO 20 
Luetkeana (Mertens) P. and R? Publ. Puget Sound Biol Ur of N 
208. Zoppa, G. ‘Le Laminarie indigene nel Medea 1, 25~35 
Notarisia, 20, 94-9, 1909. 209. Kanpa, T. « n the etc 
some Japanese species of Laminariales, III-IV} Sci. Pap TS 
Hokkaido Imp. Univ. 2, 155-93, 293-308, 1941 (cited USO 
1941). 210. KITCHING, J. A. ‘Studies in sublittor: 
naria forest on the west coast of Scotland, ete.’ Biol. Lami. 
211. Rıcc, G. B. & Swain, L. A. ‘Pressure-cor lac; 3 191, 
the gas in the marine brown alga, Nereocystis Luetkeana ^ relationshi S of 
Pennsylvania, 16, 361-71, 1941. 212. See No. 300 p. ant Physiol, 
1942). 213. PaPENPUSS, G. F. ‘Studies of South Africa E (Fritsch, 
I. Ecklonia maxima, Laminaria pallida, Macrocystis pyrifera? 4 

Bot. 29, 15-24, 1942. 214. Sec No. 179 on p. 18 (Skottan Tour, 
215. SMITH, G. M. ‘Notes on some Brown Algae from the y 1941), 
Peninsula, California.” Amer. Journ. Bot. 29, 645-53, 1942. Se SC 
L. B. * Observations on the growth of Macrocystis in New Zealand > ral 
Roy. Soc. New Zealand, 72, 333-40, 1943. ` fram, 
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Order VII. SPHACELARIALES 


The five orders considered in the preceding pages, all of which 
exhibit intercalary growth, are no doubt special developments of 
types of construction represented among Ectocarpales, although the 
members of the latter order do not attain to the same degree of dif. 
ferentiation or of reproductive specialisation. The three remaining 
orders of Phaeophyceae are characterised by possessing well-marked 
apical growth and comprise forms with a parenchymatous construc- 
tion only; they include no parallel for the pseudo-parenchymatous 
type exemplified by Cutleriales and Sporochnales, Sphacelariales and 
Dictyotales also differ in the nature of their life-cycle from the orders 
previously discussed, since alternation in both is almost certainly 
isomorphic; in this respect they differ markedly from the polystichous 
Ectocarpales. The origin of Sphacelariales is probably to be sought 
among simple filamentous Ectocarpales with isomorphic ent 

The members of this order are usually copiously enter 
although they mostly attain no great size. They afford marked SE 
of heterotrichy (figs. 98 A; 99 B) and most are probably perenn» 


persisting with the help of the prostrate and the basal pars dde Ai 
erect systems. The diverse branches of the latter are capped by a (D), en 
spicuous apical cell (fig. 92 C, a) cutting off a single row of o thatthe EA 
(1-4), which forthe most part undergo very regular septation The indi- "i. 
younger parts at least exhibit a definite tier-like puc prostrate afte, 


vidual branches are nearly always radial in symmetry- 
system (fig. 98) is usually well developed and in the m : 
types commonly takes the form of a many-layered crus 
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nials, 
of the Pig. o Hah; 
a con- Le Fats d Sphacelariales. A, B, Sphacelaria cirrhosa C. A. Ag.; H 
ments (y), enlarged, ©. n half natural size; B, single plant bearing propagules 
at the i" cain foecundem Ge filicina Kütz. D, H. scoparia (Kütz.) Sauv. | 
indi- wi alopteris scoparia (Kurs nar: ofa plant. F, Cladostephus verticillatus H: 
strate À Date ke nucleus; 2, propa € auv., apical cell. c, centrosome; f, fucosan- | 
alised Ming; E after SE = (A, B after Taylor; C, F after Newton; | 
| ageau; G after Swingle.) | 
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Hairs, which are invariably provided with a sheath 
in many species. ath (hg: 95 A 

The cells contain numerous, rather small chr 
are lenticular or granular and devoid of p ^ 
causes the cell-walls of all Sphacelariales (G 
to assume a black coloration which disapp 
reaction is confined to the older layers of th 
is thin, affects only the middle lamella. 
(40) p. 216) there is also widespread occur 
either diffused through all the cells (Batter 
peripheral or central elements of the erect 
of Sphacelaria. 

In the early part of the century Sauvageau (40- : 
series of memoirs dealing with an order ; these wi Published 
largely followed here, considerably amplified and u Me have been 
earlier investigations (12,27,31,33). The morphology and EEN, 
the European species at least, are well known, although m SOIT af 
of reproduction and life-history still remain obscure, The ie fat 
are distinguished mainly by the mode of origin of the lateral b: MUT 
the behaviour of the segments cut off from the pou 


ER : apical. cell 
disposition of the sporangia. Only two of them ha EN 


Inatop 0 


e 

3) P. 2; cf. also (40) ge 
Cars after so T 
€ wall and, wh ` 

D en 

According to gy ltr 
rence of tannin, whi 
sia) or localised į 


System, as in some speci 
ts 


. 21 
me time, 5 


- pteris) comprise any considerable number of species. 


HABIT AND GEOGRAPHICAL DISTRIBUTION 


Many Sphacelariales form short densely branched tufts, varying from 
a few millimetres to one or two centimetres in height (fig. 91 A), 
Several species of Halopteris (H. filicina, fig. 91 C; H. scoparia, fig, 
91 D; H. hordacea), as well as Cladostephus (fig. 91 F), Phloeocaulon 
(fig. or E), and Ptilopogon ((33) p. 34), attain to larger dimensions, 
although probably never exceeding about 30 cm. in length; one of the 
largest of the Sphacelarias is S. plumigera. In diverse species of 
Sphacelaria, as well as in Sphacella (14,33), the basal system is endo- 
phytic and then usually consists of separate threads. Such endophytic 
forms often exhibit little or no branching of the upright threads 
(fig. 92 A). 

In certain Sphacelarias (e.g. S. olivacea, S. radicans, S. racemosa) 
the few laterals are irregularly arranged and differ in no appreciable 
respect from the parent axes. As a rule, however, there is differentia: 
tion into branches of unlimited and limited growth («2 p: 48o) 
very commonly at least the majority of the latter exhibit a SCH uj 
arrangement resulting in a pinnate habit (fig. 91 C), although t ar 
become obscured in the older plant by the outgrowth ue Zë 
initials or other irregularities in branching. In the pinnately PN 210; 
forms the short laterals are either opposite (e.g. S. plumula, 58:9 7 


de an 
Chaetopteris, fig. 101 K) or alternate (species of Halopteris 
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ABIT; 

1 E; (12) P- 509). 
ed arrangemen : 
bit assumed by Halopteris scoparia 


Cladostephus (fig. 91 F) is dis- 
d laterals. 
ih fg ae t of these laterals 


by astigiate ha ae 
d ely tufted, SEH at certain times of the year (fig. 91 D) 
E scoparium an (Cee 351), due to the abundant out- 
va e : KER 
| ording t° Sa ch initials (cf. p. 279) exhibiting a tetra- 
P. 215 KT, formant as to the sprouting of adventitious 
ne. T th of nt, as well P 
E i: d range ersistent stumps of the short laterals of the 
atter a, from the doubt found i 

. from SE atures are no doubt found in other 

dE ps eason- Similar fea 
Ch ig ml e order. : o : : : : 
Certain Fabers X riales commonly inhabit the intertidal region, especi- 
Species The Sphace’@ and often penetrate for some distance below low- 
glyts lower Ge scoparia, Cladostephus spongiosus). Chaetopteris 

ished, | ge level (Hay found in deeper water, while Sphacelaria olivacea 
€ been plumosa is See situations near high-water mark (63). Reinke 
ted the may occur Ds a free-floating form of Halopteris scoparia in the 
my, of (wp 0 s same region Sphacelaria cirrhosa at times assumes an 
ge p as habit (cf. (32) p. 39, (35) P- 65, (54) p. 289, (64)), forming 
SE a citer reaching the size of a human head. Balls of uncertain 
= T Mn consisting of numerous plants of Halopteris funicularis have 
Halo. en recorded from Tasmania (8). 


The Sphacelariales are met with in all seas, although many are in- 
habitants of temperate and even polar waters ((36) p. 903, (37) p. 99, 


(8) p. 57). One group of species of Sphacelaria is apparently restricted 

tothe Northern (e.g. S. racemosa, S. hystrix, S. radicans) and another 
g from tothe Southern Hemisphere (e.g. S. Borneti Hariot, S. pulvinata Harv., 
9r A), S. divaricata Mont). Sauvageau ((43) p. 71, (44)) concludes that the 
1a, fig, Australasian seas are probably the richest in species of this genus. 
eo Some Sphacelarias are common to both hemispheres (e.g. S. cirrhosa 
sions, (Roth) Ag., S. furcigera), while S. tribuloides Menegh. and S. furcigera 
of the arethe species most frequently recorded from warmer seas ((2), (3) p. 81, 


es of 059) In the Mediterranean the genus is poorly represented ((43) 
endo- R71). Chaetopteris is mainly confined to the North Atlantic ((11) p. 77, 
phytic ie 9) p. 144, (62) p. 132). 

h reads eb S scoparia has been recorded from all parts of the world, 
Wu Uu P widely distributed in the warmer seas of the 
21050) : emisphere, although its occurrence south of the equator 


T6 : 
ciable cco (Gs) p. 421). Most species of Halopteris are, however, 
entia- is known ie € Australasian region, and H. funicularis (Kütz.) Sauv. 
>) and and Pildboron ace” Parts of the Southern Hemisphere. Phloeocaulon 
chous taulon i almost confined to Australasia, although Phloeo- 
s may terticillatus SM Geyler IS recorded from South Africa. Cladostephus 
rmant tence of sone; 9 enjoy a world-wide distribution, while the occur- 
nched geng, po south of the equator is still doubtful ((2) p. 603). 
92 C; Un tocladus is known only from the Antarctic. 
< and Wp Barding the dificul 

Rus culty of separating Stypocaulon from Halopteris, see 
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Fig. 92. A, B, Sphacella subtilissina Reinke; A, part of a plant with uniloculr 
sporangia; B, part of an erect thread. C, D, F-I, Sphacelaria Mu 
Zanard.; C, apex of a growing thread, 1—4 successive segments of the E 
cell; D, apex of a lateral which has completed its growth; F, G, I, IN 
sections of inferior segments from older parts of the axis; H, ditto of Men 
branch, r, 2 the first two walls. E, S. Reinkei Sauv., part of a major ay A 
branch-initials. a, apical cell; br, branch; i, inferior and s, superior pm tum; 
segments; p, pericyst; se, segment; st, sterigma of propagules S in 
1, unilocular sporangium. (A, B after Reinke; the rest after Sauvag 
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SEGMENTATION 265 
CELL AND 
APICAL 
THE ERECT SYSTEM 
CELL AND ITS MODE OF SEGMENTATION 
APICA *. à 
ET te apical cells (figs. 92 C; 95 E; 96 A, a) 
minent e "bundant fucosan-vesicles (fig. 91 G, f), as well 
| fi T ontain SE tanniniferous matter which often causes the 
on tity Din or black to the naked eye, and it is to this 
Be ear dar ja owes its name.! This substance is regarded 


ss to app“ ai DG : Un 
Gr that Be. which is utilised during growth; a similar 
asar 


i curs in dormant initials and in other parts of 
MI 1 EE cytoplasm of the apical cells and of the sub- 
mature M. markedly alveolar (fig. 91 G), while the large 


A jacent E apical cell is provided with a centrosome (c; (9), (15), (60) 
qucleus 0 : 
ad p30) | cuts off segments parallel to its base (fig. 92 C, 1-4). 


The apical cel 


ien it has reached a certain length, a transverse septum separates 
When ! 


“segment (1) from the apical cell proper (a). The former again 
uly nsversely (2) into two secondary segments—superior (s) and 
sich are usually of equal size,” and these divide further 
ei, produce the mature tissue. In many Sphacelariales (Sphace- 
i ig 92 C; Chaetopteris, fig. 101 K; Halopteris, fig. 95 H) the 
secondary segments, though undergoing progressive septation into 
smaller and smaller cells, exhibit no further evident enlargement. In 
other words, except in so far as there is production of a special 
cortical investment in the older parts (cf. p. 268), the diameter of the 
diferent branches is essentially that of their apical cell which effects 
theentire growth in length of the branch ((12) p. 486). These are what 
Sauvageau ((43) p. 384) calls leptocaulous forms. 

On the other hand, in the long axes of Cladostephus (fig. 96), 
\ and Ptilopogon the secondary segments not only undergo 
e ai i SCH but also enlarge more or less appreciably in width 

Rm | the axis therefore increases in girth from the apex 
S, and the laterals tend to become more widely spaced in 


the older 
d Dr These are the auxocaulous forms of Sauvageau. In 
„canion foecundum the 


limes the, A£ j primary segments may enlarge to thirty 
ocular rath seg height (46) p. 441), while in fig. 96 (Cladostephus) 
daag fis (cf also e is already more than three times the length of the 


apical tls formed p P. 147). This is due to continuous elongation of the 


e lo 1 EE 
E Ge El division of the secondary segments, a 
sh Mith is less Pronounced, repeated transverse septation. Increase in 
ondary result di ER » although there may be subsequent broaden- 
ptum; r irora ary meristematic activity (p. 268). The laterals 
au.) | sn c; SANgrene 
ie [yt SP 


hacelay; 

Nger t elarlas S. Q s ; 

“Mines it e QUE Mid Sauv. (40) p. 318) the inferior segments 
tains ((41) P. 55) nes, whilst in S. olivacea the reverse condition 
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of limited growth, even in the auxocaulo 
ment of the segments. 
The sequence of division behind the ap; 
without great difficulty, since the See = En Often be wéi 
nisable (figs. 92 C; 95 E; 96). The two seconds" Main res UN 
divide by longitudinal walls. In Sphacelln E ary segments m \ 
species of Sphacelaria (S. pulvinata, S. bracteata) « 232) and a le | 
division is quite restricted and may fail to occur Fn Tongituding 
but in most Sphacelariales it takes place plentiful] SSC Segments I 
distance behind the apex, the diverse branches oon that, at a shor 
consist of a peripheral layer of cells surroundin Multiseriate an 
(fig. 93 D). The central cells commonly develop ar Eu grou 
at the corners, whilst the outer walls of the periph Bt thickenin 
become markedly thickened. ek alway, 
In many species of Sphacelaria (S. ply h 

furcigera, etc.) the secondary Laake dide by CG un N 
only (fig. 92 C), but in others (S. radicans (21) p. Bee wall 
S. racemosa) transverse septation also takes place soûne MM 
(fig. 94 A), and this occurs in all other Sphacelariales (Chaet later 
Halopteris, etc., fig. 95 E, J) and is especially pronounced 
auxocaulous forms (fig. 96). The secondary segments may form a 
one series of transverse septa, as usually in Sphacelaria radicans 
S. racemosa, but more commonly there are several series (e.g. 8, 
olivacea, S. plumigera, Halopteris, etc.). Since the transverse septa al 
arise at about the same horizontal level the tier-like structure i 
retained. 


us 
forms, show NO en] 
are T. 


In Sphacelaria cirrhosa and its allies (42) p. 331) all the longitudinal 
walls are radial, but in other species their orientation is more varied, 
and there is probably not the degree of regularity indicated by Geyler 
(G2) p.480). Not uncommonly (fig. 92 I) the first two walls (1, 2) a 
perpendicular to one another and divide the segment into quadrants, 
whilst the subsequent ones tend to be periclinal and to delimit a supr 
ficial layer (fig. 94 F), the cells of which multiply further by anticlinal 
division (e.g. S. plumigera ((41) p. 112, (65) p. 139; Chaetopteris (35) Hm 
(41) p. 145). Quite frequently, however, there are only one or two large 
central cells surrounded by an irregular peripheral series (fig. 92 EN) 
the longitudinal septa having been largely periclinal from the first (08 
S. radicans, S. plumula (41) pp. 31, 102). E 

In the more specialised genera longitudinal septation Se | 
In Cladostephus verticillatus ((s2) p. 508) the formation of SE larger 
the subsequent periclinal division (fig. 94 H) is followed B “hough ate 
and rather irregular longitudinal septation of the inner ce aches ? e 
drant above 
Halopteris scoparia ((46) p. 360) the perpendicular septa © Sch in the by br 
division (fig. 93 A, 7, 2), the first (r) of which lies appro*" je to qe 
plane of branching, are followed by further septa (3, 4 E division 
previous ones; each quadrant thus undergoes regular cros 


is more regult. 
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93. AD 
ie geo Halopteris scoparia (Kütz.) Sauv., transverse sections of a 


t successive] 
cessive walls, Bo 
1%, Surface. vi 
above owing the dE Same level as G; F, transverse section of basal 
the base; ; es Cortex (7); G, longitudinal section, a little way 

erse section, a few millimetres below the summit. 


yer. (Ar) © Cortex: m à 
(After Savage) alla; me, meristoderm; p, pericyst; s, surface- 


over levels, the numerals in A and € indicating 
» Phloeocaulon foecundum Sauv., shoot of unlimited 
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so that there result four central and twelve 
latter (p), which appear triangular in the t 
delayed branch-initials or rhizogenous c 
Further septa (5), perpendicular to the third and fourth (f, C7 E 
in a crosswise division of each central cell, as w (fig. 
non-triangular peripheral cells. The 32 inner Sal Ofthe eight 
usually undergo no further longitudinal division Aem oduceq 
pheral ones divide by a further radial wall (fig. 93 D) ough the per. 
The branches of limited growth of H. scoparia des 

segmentation and no pericysts are formed. After the EM : 
there is periclinal segmentation leading to the delimitati rant division 
pheral layer. In the finer branches periclinal division E of a peri. 
the first so that the centre is occupied by a single large an from 
the segmentation of Sphacelaria, and is probably found m th IS recalls 
branches of most of the more specialised members in which SE 
axes possess a complex structure similar to that of Halopteris oe 


à Modified 


TE LE SF LÉ ee 


(b) CORTEX-FORMATION 


The only means of secondary enlargement in leptocaulous forms į 
by cortication. In auxocaulous Sphacelariales, however, the e 
pheral layer sooner or later becomes meristematic (fig. 93 H, weve 

gives rise to a secondary cortex, which is responsible for the later " 
increase in girth. This secondary activity as a general rule appears to | 


set in only after primary division of the segments has ceased. Its | d 
little marked in Halopteris hordacea, but much more evident in t 
Phloeocaulon (46) p. 445), Ptilopogon (fig. 103 I, c; (46) p. 473), and 


Cladostephus ((s2) p. 509), where it follows upon the marked growth 
in length above referred to. The peripheral layer then becomes a 
meristoderm (p. 226), the cells of which divide by successive peri- 
clinal walls to form a radialiy arranged secondary cortex (fig. 93 G, H 
H, c; 94 I). Meristematic activity continues for a variable period and 
is finally terminated by abundant anticlinal division of the surface- 1 
cells (fig. 93 G, s). ; 

In many Sphacelarias (e.g. S. olivacea) the tiers remain recognisable 


throughout the plant, but in others they are obscured in the M Fe 
parts by the production from the surface-cells of closely apposto du 
. The extent of Bs. 


but also bumo 


or : 
vestment, but in S. plumigera (x) p. 114, cf. also (3s) p A they CH 


example, they are so numerous and copiously Dee SE 
ultimately form a dense several-layered investment (fig. 04 As (I) and lite; 
envelopes the parent axis (a) and the lower parts of the ae corti VI 
may be as thick as the parts covered. In this specie : n 


23, 445° 
! For further details, see (31) p. 144, DÉI pp: 390, 401 415, 4 
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A, A, F; Sphacelaria plumigera Holmes; A, cortex-formation in shoot 


Bs ec owth F, section of older part of same, with two buried laterals. 
mme Kitz d asal part of erect axis, with rhizoids. C, D, Chaetopteris 
tillatus RE NO stages in cortex-formation. E, H, I, Cladostephus verti- 
litle way NE of longitudinal section of shoot of unlimited growth, a 
considerably er disc; H, I, transverse sections of such a shoot at a 
cessive walls, E H near the apex, the numerals indicating the suc- 
ase of a shoot of S SE scoparia (Kütz.) Sauv., transverse section near 
neis br, branch: zi imited growth, showing rhizoids and two laterals. 
H hairs m, ined 1 Cortex; 7, inferior secondary segment; l, lateral; lh, 
à ulla; me, meristoderm; o, areas through which rhizoids 


rise: y g 
Re V at Voids Or c 1 HE 

ke; the Test after RN E Tc, rhizoidal cortex. (C, D, F after 
vageau. 
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threads originate from definite peripheral cells fi 
in the plane of branching and are situated in ob 8: 94 A) Which y l 
inferior secondary segments (2), Many of th Upper half of ie ^ 
extend to the basal system and, spreading over Sa Cortical o," 


efficiency as an attaching organ. ` t, contribute Se je lat 
The thick cortex of Chaetopteris ((27) ; E M 
P- 133), which P 

bases of the laterals (fig. 101 K), is composed of c] Encases qe 
threads growing obliquely downwards and again Ly a proximate gb 
in attachment. They arise without regularity m Part function, fhe ins 
(fig. 94 C, D) of both the superior and inferior se Me Peripheral call pai 
areas (0) in the thick outer walls of these cells Bees ents, thin Circular ot 
form the threads ((33) p. 18, Gei pl. 49). The pennies protruded tg ne 

dense pseudo-parenchyma formed by the richl us cells of the (w P. 
subsequently give rise to the fructifying bonds Ga threads CS 
stephus possesses a similar cortex (fig. 94 E, rc; see balsa Clado. i 

The four triangular peripheral cells (fig. ir of 
segmentation in Halopteris scoparia (p. AS See Se during | hn l 

without further division, initials either of late-formed SE With or initials 
rhizoids. These cells, called pericysts by Sauvageau ((46) ranches or of dorman 
cf. also (12) p. 496), possess denser cytoplasmic St SC especia 
nuclei than the adjacent cells and usually occupy the bd 25 larger abunda 
of.a secondary segment (fig. 95 H, 5). In the lower part Vide He lo) p.3 
large proportion of these cells grow out into rhizoids BT frequen 
latter sometimes originate (fig. 95 H, 7) from the base ofa Sen T. 8. radi 
well-branched rhizoids of H. scoparia acquire thick walls and under d superio 
transverse and longitudinal septation (fig. ou G, r). They SE out onl 
cover the older parts with a loose spongy envelope which extends to the The 
substratum. Similar features are met with in other species of Halopteris sepmer 
e.g. H. hordacea (46) P. 422) and H. funicularis ((33) p. 23). | limited 
The secondary increase in thickness of the auxocaulous forms persisti 
described above does not usually take place in the basal parts of the various 
main axes where mechanical strength is attained by the formation of an ` arise a 
investment similar to that of the leptocaulous types. In Phloeocaulon Inc 
foecundum? ((33) p. 31, (46) p. 447), for instance, a number of the peri- inbulo 
pheral cells grow out into branching filaments which appear to be fused branch 
from the first (fig. 93 F, 7); the radial files in this extensive pseudo- usually 
parenchyma are slightly deflected in the longitudinal direction. Except develo 
for the apparent fusion of the threads there is much resemblance to with ¢} 
the cortex of Chaetopteris. A similar, but more extensive, envelope Sphace 
(figs. 94 E, rc; 98 F, c) is formed in Cladostephus verticillatus (oa p-19) (ig. 9 
but here it arises also from the peripheral layer of the secondary a the i 

((52) p. 520). Both here and in Ptilopogon Sauvageau ((46) p. 474) finds fig 
evidence of an intermittent formation of the cortex; this is most P (N) Ge 
nounced in the latter genus, where the consecutive strata are delimite nee 
by.marked thickening of the membrane of the outermost cells. the in 
and fo 


2 d in P. 
1 According to Reinke ((33) p. 29) this investment is not formed in 
squamulosum Suhr (cf. however (46) p. 465). 
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(c) C. br) and Chaetopteris (fig. 101 K; (12) p. 512) 
ia (fig; 9? f definite or indefinite growth, almost ae 

er Si occupying the whole height of a superior 
2 a Bd half the length of a primary segment. 
ori e M ed as hemiblastic by Sauvageau ((43) p. 332). 
aching ÍS ch on the parent axis 1s limited above bya 
Zei of da k secondary septum. The branch-initials are 
mei” q below DY it peripheral cells, which cease to segment 
jit for the most P may consist of entire sectors. Pringsheim 
t the initials were nearly always entire 
o Sauvageau this is rarely so. In species 


tically every superior segment produces a 
| branch-initials which usually grow out at an early 
hing is less plentiful, a large number of the 
main dormant for a longer or shorter period. These 
ls are often readily recognisable in Sphacelaria, 
in which the secondary segments undergo 
shundant septation, as larger cells with denser contents (pericysts, 
wp. 314) which do not exhibit transverse division (fig. 92 E, p); they 
frequently 


$.radicans and ) 
superior segment (4) pp. 30, 57); in the former they probably grow 


out only in the reproductive phase ((s1) p. 64). ; de. 
The apical cell of the branch, formed by protrusion of the initial, 
segments in the customary manner (fig. 92 C). In the laterals of 
limited growth the apical cells ultimately cease to function, either 
persisting as pointed cells (S. plumula, fig. 92 D) or dividing by 
Vaiously orientated walls (S. radicans). In Sphacella the branches 

istas outgrowths from the upper ends of the cells (fig. 92 B). 

E species of Sphacelaria (e.g. S. hystrix, S. plumula, S. 
Geh ie A-C), as well as in Chaetopteris (43) p. 85), the 
usua ne aes growth bear colourless sheathed hairs (A) which are 
opment Opposite the transverse septa. Their peculiar mode of 
With the ai AE (31) p. 168, (4x) p. 235) shows much similarity 
Sphacelariales Th branch-formation found in the more specialised 
B95 A, in), a ii " air-initials are cut off as small lenticular cells 
the later elon He to one side of the tip of the apical cell (a). As 
ban, ND the initial comes to occupy a lateral position 
( meets the E When the apical cell divides (fig. 95 C), the septum 
ae | € position of vee of. the initial approximately at right angles. 
adn Wies in ‘he mature hairs opposite the septa. Sometimes 
OMS two air s plane of branching (S. radicans, (41) p. 32) 
5 or division may go further resulting in a tuft. 
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Fig. 95. Branching of Sphacelariales. A-C, Sphacelaria tri etative ' 
hair-formation. D, Halopteris filicina Kiitz., apex Oi VES ditto. 
showing method of branching. E, H. scoparia (Kütz.) SET a 


Sphacelaria furcigera Kütz., terminal and lateral hairs. 
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rowth after the formation of the initial, the 
fel position (fig. 95 G) and may be actually 
urcigera, fig. 95 F; Gx) pp. 98, 372). In 
446), which lacks the hairs found in most 
Sphacelzriales, the lateral branches develop 
way as these hairs of Sphacelaria. The laterals 
e the primary septa, their bases later extend- 
0 Brent above and the superior segment below 


ell ceas® 
in an ap 


‚th 


d Jie opP 


| 97D): 2 tion in Sphacelaria, as well as the method - 
tie Ze d more EN Sphacelariales (cf. below), 
gf branching 2, Ge (27) p. 146) and Sauvageau as sympodial in 
interpreted el hair- or branch-initial (fig. 95 A, B, D, in) is 
am The ‘a actual apical cell, while the large remaining portion 
regarded as te 1apical cell, which segments to form the continuation 
déiert, upon as a branch. Since this develops from the 
ofthe axis, 2 of the apical cell, this method of branching is styled 
entire Dë Sauvageau ; it differs from the hemiblastic type also in 
le on of the septum. T'he main axes of Alethocladus are, 
Bi cation, sympodia, comprising as many sections as there 
me laterals, each of the latter representing the actual termination of 
the underlying segment of the sympodium. Similarly, the above- 
described hairs of Sphacelaria are regarded as terminal and the axis 
bearing them as a sympodium, the successive joints of which are 
terminated by the hairs. The transverse septum, which abuts on the 
hirinital of å Sphacelaria or the branch-initial of Alethocladus, 
divides the original apical cell into a lower primary segment (fig. 95 C, 
1) belonging to the joint terminated by the hair or branch, and an 
ao (a) constituting the apical cell of a new joint of the 
podium, 
‚evidence in support of this interpretation Sauvageau (41) p. 238) 
s ose instances in which such initials develop i inal hai 
fe 05E) The PS ch initials deve op into terminat hairs 
tea, Furthe en occupies its normal position at the apex of 
details of mme e for the hypothesis is to be found in the 
Sof the no 0rmation in Sphacelaria (p. 285). The correct- 


Of this Up qu. 
(0,65 n tion is disputed by Reinke and Pringsheim 


He holoblastic br 


anching of Halopteris, Phloeocaulon and 
gro 


| "i Mont.) Baus : H, J hem 


be PE Bericyst k, L iblastic branching and rhizoid-formation; 


m ris, stie rudi EROR sections of long axes, showing forma- 
Aach, pen € ETO della. » apical cell; ax, axillary initial; 5, br, branches; 
branch, bei Initia]; A 2 En eath of hair; h, hair; i, inferior secondary seg- 
Wi P Yoo iren s ED me, meristoderm; p, pericyst; r, thizoid; 
aalt LATE s ited growth.” (D Primary segment; se, segment; £t, septum; 
` after Goebel; E, I, J after Reinke; the rest 

Aij 

| a2 
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Ptilopogon shows greater complexity.1 Here (fi 


initial (in) at an early stage divides horizontally and 2) the hr 
uts o 


cell (ax) on its upper side. According to Sau res à smal e 
(3) p. 334) the latter (ax) is the true at SAN s interpretaj. [ 4 
cell represents its only segment which elongates and die Mer Jay, 
the branch; in other words this branch is actuall lVides to form 
diminutive axis capped by the cell ax. The septum d a lateral of p 
original apical cell (a) of the axis, again abuts on the E in the i | 
initial, but always on its lower larger segment. As this a branch. op 
divides to form the branch, the overlying cell (ax) remanent and it 
(fig. 95 D, the topmost branch on the left), and in the fs Its axil AS 
of events either remains arrested or develops in dieu Er course init 
hairs (fig. 95 E, h) or reproductive organs (fig. 102 C). It Ways into m 
sence of such axillary growths that distinguishes Halopteris, the pre. m 
Alethocladus. The laterals of limited and unlimited growth D from bra 
same way ((31) p. 150). Branching in the holoblastic types - in the 10 
sarily alternate (fig. 95 D, E) and, if hairs are present, they are Be thu 
axillary in position. The successive apical cells either cut of Ko ! sg 


ordinary segments between the intervals of branch-formation or onl 
one segment is formed (Halopteris filicina, fig. 95 D). This detente np 


whether the laterals are separated by marked internodes or not, s 
| 

In most species of Halopteris (e.g. H. scoparia) the axillary cell m) 
divides and gives rise to a tuft of hairs (fig. 95 E, A). H. filicina is, how. fid 
ever, distinguished by the usual absence of hairs ((12) p. 504, (3) p. 2) sup 
and by the fact that, although the numerous laterals of a given axis are aw 
for the most part arranged in two alternating rows, as in other species seg 
of the genus, the first two are usually both situated on the adaxial side, bec 
the lowest not uncommonly appearing in a pseudo-axillary position (fig. fon 
95 D, b^). This is because, in H. filicina, the axillary cell mostly develops whe 
into a branch (b^) resembling the next one (b), which is as usual (df. (h) 
fig. 95 E) produced on the adaxial side. In occasional individuals, how- \ ek 
ever, the axillary branch may be replaced by hairs. mE. iy 
In Phloeocaulon (62) p. 509, (46) p. 442) the axillary initial gives n d 
to a group of cells which soon disorganise, while in Ptilopogon 1t pt? u 
duces a cushion of cells which remain dormant until the time 0 ` 
EE Iso be hemiblastit beh 


n tfe. 
although laterals formed by the latter method often appear cali S 


older plants. They originate, as in a Sphacelaria, from dormi A " hem 
(pericysts) formed at an early stage in the segments of the Halopteris is 
(cf. p. 270). Such branching has not been observed Be e HD As 
filicina, but is frequent in H. scoparia, H. funicularis ( is Probably 1 
and Ptilopogon; in the last some of the fruiting branches 3 23 € in in 
produced in this way. Most authorities (G2 P. 151 D. must agre? Sp 
P. 436) speak of these branches as adventitious, but on A i 

e erroneous: hem 


1 Some of the details given by Geyler ((12) P- 484) ar 
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M: 94) in questioning the validity of such a term; 
vp Olman” Se outgrowth, they are primary in origin. 

ie thes EG ay be taken towards the interpretations of 
mc e ` is manifest that the origin of the branch- 
hloeocaulon, and Ptilopogon, from small seg- 
Ma itself, results in these genera in a distinct type 
nt De erection, The hemiblastic mode of branche 
of morpho > bably to be regarded as primary, while the holoblastic 

s pr haps initiated in connection with hair-development.! 
d dification resulted in the cutting off from the hair- 
eet which could grow out into a lateral, giving the 
id of 2 Eee formation found in most species of Halopteris where, 
node of branc still accompanied by the development of hemiblastic 
however ee Save and fig. 95 H-L). H. filicina, which apparently 
ea the capacity for hemiblastic branch-formation, would 
no longer sent the most specialised member of its genus, and it is 
n this connection that the axillary hairs of the other species 
He replaced by a branch (fig. 95 D). Alethocladus would 
Bag the culmination of this line of development, since here the 
Je of the initial to give rise to a hair is completely lost. 

In Cladostephus verticillatus ((12) p. 520, @7) p. 137, (1) p. 152, 
i p. 506) the first whorls of laterals of limited growth arise a 
litle way behind the apex by the protrusion of peripheral cells of the 
superior secondary segments (figs. 96 A; 97 G, br); the members of 
avhorl do not all necessarily develop at the same time. The first 
segment or segments, cut off from the apical cells thus constituted, 
become part of the axis and undergo copious division (fig. 96 A) to 
fom a cushion of tissue (b). In transverse sections through older 
whorls (fig. 97 G) the interspaces between the individual members 
(ir) are occupied by a tissue (c) which by degrees completely en- 
ER their bases and is formed ((s2) pp. 512, 518) by radial elonga- 

nand periclinal division of the peripheral cells situated just above 


‘Young whorl, the rows of cells th i i 
inthe downward diccre au e 


sa à KE cm 
H E x e abundant septation and elongation taking place 


the summits of de 265), the older whorls appear to arise only from 
hemiblastic in A Superior segments (fig. 96 B), although originally 
Portions of these E The peripheral tissue occupying the lower 
SS of the a (fig. 96 B, b)—actually representing the 
i p tagen y branches—sooner or later gives rise to other 
individuals A7 » 67) records the absence of all hemiblastic branching 

Mant hai Phacelaria radicans grown in cultures. These produced 


letter a its and s 
1 o : 
These data indi e showed holoblastic branching in relation to the 


n ! indicat 2 : 
Com WEE and p that the capacity for holoblastic branching exists 
astic metho d 


at it i : i : 
tit is combined with a suppression of the usual 
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; un- 
Fig. 96. Cladostephus verticillatus Ag., longitudinal section of a s cr (i) 
limited growth (after Sauvageau); the successive superior (s) anc ME formed 
secondary segments are numbered. a, apical cell; b, cushion & P'iemarcating 
at base of lateral; m, m’, secondary laterals (see text); t, septum 
apical cell of lateral. 
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6 B, m). Since these originate only from a 
rals (fg: 2 Bent, they are spoken of as meriblastic by 
E Ur secondary whorls, in part often incom- 

se ((s2) dv arise from the peripheral cells of the secondary 
gauvab quent v). Despite its whorled branching and other 
Prior segments a Cladostephus approaches closely to Sphacelaria 
gi is i e formation of the primary laterals and probably repre- 
/ ode 


parate evolutionary line. 
se 


of Cladostephus, which commonly form a di- 
j g. 91 F), are hemiblastic in origin. The initials, 
chotomising sy: one of the first-formed peripheral cells of a superior 
constitute b t undergo the anticlinal divisions seen in the adjacent 
segment, CO m Is); they thus correspond to a number of the initials 
cells (fig: 97 Go of limited growth (plagioblastic (sz) p. 528). 
ming the p 148) concluded that branching of the long axes was 
Pringsheim CR according to Sauvageau (sc) p. 526), the segmenta- 

démons, > Cire only if the apical cell is damaged (p. 270). 
tion rage of limited growth do not exhibit the secondary increase 
WE hou by the long axes. The members of the first and last 
ae formed in any given season are simple, while the intermediate 
ones are more or less strongly branched ((s2) P- 532), the branches being 
commonly situated on the abaxial side. This branching is always holo- 
blastic (fig. 97 A-C), with formation of axillary hairs, as in Halopteris 
(ig.97.D, E, A); similar shoots of limited growth may arise direct from 
the basal disc. The axillary hairs usually occur in two pairs (fig. 97 D, 
E the one in front of the other, the two members of a pair lying in a 
plane perpendicular to that of the branching of the lateral. Each pair 
vf hairs originates from a separate lenticular cell (fig. 97 C, ax I, ax 2), 
the two cells being cut off successively from the branch-initial CH 
; 537). Sauvageau describes numerous modifications of the normal 

plan, 
Dichotomous branching is characteristic of the monotypic Disphacella 
P ss 342) Which is imperfectly known. Branching is initiated 
M becoming bilobed ; a longitudinal wall then separates 
SE E oe two apical cells, The structure of the axes 
aed Which cM e simpler Sphacelarias and pericysts are differenti- 
P00) suggests Freee nally grow out into branches. Oltmanns ((29) 
Shs. ae d may be an abnormal form. 

phacelatiales i ods of branching typical of the mature plant of 
of * major axes ergo some modification as a result of damage to one 
(Hp. 82), = When the latter die back in the autumn ((41) p. 99, 
ral truncation RN Sauvageau ((sr) p. 64) records an apparently 
mw of dormant bra, ine erect shoots which is followed by the out- 
de When the iN "initials into laterals bearing the reproductive 
the Best laterals ar of an erect shoot is removed, one or more 
bon, ent inferior se Try on the growth or a new shoot arises from 
only, the Së Bment. If the remaining part bears mature 
cells at the exposed surface can grow out inte 
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ction Hit: 
growth developed from the prostrate system; G, en s; H, ditto 
a shoot of unlimited growth, passing through a SC nlimited growth (b) "n 
through a younger region, showing origin ofa DR re c, cortex; hha E S 
a, apical cell; ax, ax z, ax 2, axillary initials; ^ Pili m,medullas?, rhizoid; = 


i, inferior and s, superior secondary segment; 17, 
t, septum. 
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eneration from the stumps of shed laterals is 
DE ou Sg The fastigiate habit sometimes shown by Halo- 
ph onsible 1°" D; as p. 347, (46) p. 355). Production of ad- 
| y Pria (fig. 9 m the remains of the fruiting axes of the previous 
us [Gus in Cladostephus verticillatus ((31) p. 162, (s2) p. 530), 


at the exposed surface grow out into branches 


Ils of Sphacelaria are regenerated from the under- 
If this has undergone transverse division 
ying See er half constitutes a = SE ee EE 
dv arisen one of t e resu g g s out aterally 

have alrea Inferior segments, if they have already divided longi- 
apex. oduce a new apex, which is then formed from the 
cannot pr Bement. According to Sauvageau (sai p. 530) 
p ical cell of Cladostephus often leads to the regeneration 
to the ap resulting in the dichotomous branching described 

of wo new ap (an p. 148) as a normal phenomenon. If the apical cell 
ss is exposed to a low light-intensity, it grows out into a 


Med (inversion of polarity, (66) p. 165). 


À, pr ec 
ca 
Damage ^ ((66) P- 152). 


THE PROSTRATE SYSTEM 


well-developed discoid prostrate system is probably typical for the 
order. Good examples are seen in many species of Sphacelaria (e.g. 
Solvacea, figs. 98 B, C; 99 B; (as) pl. 46; S. plumigera (a) p. 114), 
aswellas in Phloeocaulon and Chaetopteris ((33) p. 17). In all of these 
the erect shoots arise from a basal crust which consists of several 
Wes and exhibits marginal growth (fig. 98 B, m). Viewed from 
below (fig. 98 B) the basal layer appears as a system of radiating 
coalescent filaments, which give rise to approximately vertical files 
tells forming the crust (fig. 98 I); there is considerable resemblance 
Wb or Lithoderma. As already noted (p. 270) these crusts are 
strengthened by the downgrowth of rhizoids from the erect axes. Not 
SS several crusts grow over one another (fig. 98 G). The 
OU strata often belong to distinct individuals, but they may 
NE eto the outgrowth of surface-cells from older crusts which, 

8 over the latter, produce a new superposed stratum. Very 


tliborate ESCHER 
a nee of this kind are formed in Cladostephus verticillatus 
Dys tata (am) a are sometimes enclosed between the suc- 
doe 41) p. 58). 
"young € thick c ` e ; 
rom Ne species He described are probably always perennial, and 
limited (ap, T): al à None Possessing them rarely form propagules 
E “ements, €m show transverse septation of the secondary 
[, ditt € bases of the S À i I 
ith (I5) (eg | erect axes are invariably buried amid the 
p halts Which, dus als, however. : NDS ; ? e 5 
hizoid; | Which WI Part of ge ee in epiphytic or endophytic forms in 


dee Mer occu r, the host is lacking or sheds the parts upon 
(ef, (©), Q5. r. The mode of persistence of such species is not 
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rom 
B, C, I, S. olivacea Pringsh.; B, the crust from below; C, He S. radicmt 


above; I, vertical section showing origin of two erect threads. dophytic basal 
Harv., basal system with stolons (st). E, S. bipinnata Sauv., lad Se verli- 
system (b) and epiphytic stolons (st) on Halidrys. F, G, an eae axis (di 
cillatus Ag.; F, vertical section of crust (b) showing origin e zt “showing ! t 
G, vertical section of compound crust. H, S. caespitula DM af Oh cortex 
endophytic basal system (b). b, prostrate and e, erect sys SS of crusts 
h, host; m, marginal meristem; p, pericyst; st, stolon; b "! 

(F, H after Reinke; the rest after Sauvageau.) 


Fig. 98. Prostrate system of Sphacelariales. A, Sphacelaria britan 
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t (fig. 98 F, I, e) so that the upright shoots 
E i tent of certain of the latter. 


type just described are rarely met with in Halopteris 
cs oft t species of which the corticating threads envelop 
437) in Doe i a spongy mass of considerable width, a condi- 
d E of the BO parie (46) p. 356). The individual threads spread 
gen!N A less highly differentiated prostrate system is 
substratu T i hytic Sphacelarias. In S. cirrhosa, for instance 
d in diverse ep!p layer of cells ((42) p. 404), whilst i 
gofound Pts of a single layer m. D- 494), While 
nsis irregular filaments of which it is composed are only 

Ca (4n p. 102). In the endophytic species the prostrate 
E. consists of loosely branched threads (S. pulvinata), 
tem genera x form bundles (S. Reinkei) penetrating to some depth 
à nn (cf. fig. 98 E, b). Other endophytes possess an 
p US disc, bearing branches which penetrate into the host (e.g. 
phy LE (41) p. 252). S. caespitula Lyngb. ((33) p. 13) forms 
le, a red crust of uneven thickness (fig. 98 H, 5) within the 
N. ie Cloustoni and Saccorhiza bulbosa; the little- 
M erect threads serve mainly to bear the reproductive organs. 
Ce inhabiting Carpomitra costata, the endophytic system 


vaties (cf. (33) p. 6, Dei p. 229). 


Reduction of the erect system is commonly encountered among the 
endophytic Sphacelartas, but may occur also in epiphytic species like 
S.olivacea (fig. 99 B). Here the plant is at times represented solely 
by the basal crust (41) p. 56)—a stage described by Kuckuck (eV 
p.232) as a distinct genus Sphaceloderma. In such instances the uni- 
lecular sporangia are borne directly on the basal stratum (fig. 99 C, 
Di) and are the only parts of the erect system present. 

The rare lithophyte Battersia ((33) p. 4, Gei p. 224), first discovered 
at Bervick-on- Tweed, may be a similar reduced state of some 
SEN although at present there is no evidence to prove that it 
| Ti sentent genus ((43) p. 80); it is certainly a reduced form. 

ee D: ayered crusts (up to 4 cm. in diameter) consist of 
tet thread parate strata (fig. 99 A, b), while the little-branched 
bk 5 (e) exhibit apical growth and occasional longitudinal 


division of the: T 
\ a f their cells. They bear unilocular sporangia (wu) and are 
m a to form Scattered groups. 
pts Sphacela 


Me individual = rias the basal disc plays a rôle in the spread of 
Sau: Certain Beriplieral ne substratum. Thus, in S. radicans ((41) p. 33) 
ne from le (fp. 98 D "TS grow out into simple or branched horizontal 
E SE The tips RA possessing the same structure as the upright 
RU $ RU Or give COT Into new discs which either produce erect 
axis (e); ee Wad, to further stolons. Much the same occurs in 
ing 7 ech t laterals ae P- 252). In S. cirrhosa (2) p. 404) some of 
Dep | (0) at their ti y, ccome prostrate (fig. 99 E) and form new 


& THG à 3 . 8 S 
PS. The stolons of S. bipinnata) and S. hystrix 
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((42) p. 334) have a different origin. Here the bas A 
which arise from the bundle of endophytic ERC erect Shoots N 
become covered with a weft of rhizoids, some of whic 98 E, i) E 

st) S h } 


horizontally and give rise at their tips to other plants 


SE 
bi 


EE ep 


T Mr 
| | Ee 
QE d | Th 
NS f gp 
d | da 
f propa 
WE - fmc 
WwW i which 
na 
N N H the su 
A KINAA B/ quent 
KS H ort: 
WY a K Le à 
KA D it e hich 
NN (tor 
EE TS ` 3 
TEE in the 
NS ml 
j develo 
a colon 
E ye M 
Fig. 99. Prostrate system of Sphacelariales, A, Battersia mirabilis Reinke, a 
vertical section of basal crust with erect threads bearing unilocular sporangi®. h 
B-D, Sphacelaria olivacea Pringsh.; B, basal system with erect threads D ; tral 
ing unilocular sporangia; C, D, vertical sections of parts of the pie Wide 
bearing sporangia, in D with two erect shoots. E, S. cirrhosa C. A D S Curved 
meridionalis Sauv., primary lateral functioning as a stolon. 5, basa E | Gs 
erect systems; d, secondary disc; 7, rhizoid; st, stolon; u, unilocular sporang! m 
(A, B after Reinke; C-E after Sauvageau.) [de pr 
E a f À 
The elaborate crusts of Cladostephus verticillatus ((33) E is : T 
Pp. 492), which are composed of several irregularly V of the 
(fig. 98 G) delimited from one another ( by strong thicke Ve 


outer walls of the surface-cells, show a marked capac cl as 
formation of stolons (fig. 106 E, st) from the marginal g their length À ow, 


cells. These produce new crusts at their tips or alon E 
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row on to the parent crust and contribute a 


According to Sauvageau the erect axes of this 


7 arise from stolons. 
a M 


VEGETATIVE REPRODUCTION 


ribed above serve as a means of local vegetative 
e e many species of Sphacelaria possess propagules of 
d E (fig. 91 B, P), which constitute an efficient method 
| potest al) propagules are produced far more frequently 
[de und such species evidently rely largely on this method 
spon (us) p. 87). Propagules and sporangia may be 
L dm 2 Gen seasons (S. hystrix), while in other species they 
| ed in Itaneously, but on different individuals (e.g. S. furcigera; 
er? 6) or on different branches (e.g. S. biradiata). Not un- 
lcd ai however, the two types of structures are intermingled 
N ol 2 


Schu S. bipinnata). 


Pre propagules invariably arise from dormant branch-initials 
| stich are nearly always situated in the superior segments. In S. 
jm and other species ((17), (31) p. 176, (41) p. 105) the initial of the 
propagule becomes protruded as an apical cell (fig. 100 A, a) which 
fst cts off a number of transverse segments (fig. 100 C-F), during 
nhich it commonly broadens. The first septum, which arises beyond 
 thesurface of the parent axis (fig. roo B), marks the point of subse- 
- enit detachment of the propagule so that, after the latter is shed, a 
Zock (sterigma of Janczewski (x6, 17)) remains (fig. 92 D, st) from 
| which further propagule can develop. The subsequent segments 
- [tergin number, fig. 100 E, F) divide into two secondary ones (s, i) 


= 


e = inthe usual way. After this the apical cell cuts off at its summit a 
d | a lnticular cell (fig. 100 F) which either undergoes no further 
UE (S. plumula, S. fusca) or sooner or later grows out into 
; i VE (S. biradiata, sometimes in S. hystrix, fig. 100 K, 
einke, ds e arge remaining portion of the apical cell (fig. 100 F, b), 
angi way oe to a last primary segment, soon spreads out 
Lem id ba a the arms of the propagule (fig. 100 G) and usually 
e, E ae SH lan longitudinal wall 1 Either before or after this, a 
2 2 | GD which sae In each arm and cuts out an apical cell (fig. 100 
[ bison of ie two or more segments (fig. 100 H). The further 
S propagule varies “ements and of the cells composing the body of 

Kl p Ar ng to Jan according to its final shape. 
i BT M an (6) p. 341) detachment of the propagule 
f i xerted by its basal cell upon the sterigma; this 


figs. 11, 12) of SS. furcigera, which show the 
s of the arms meeting in the centre, indicate 
gitudinal division of the body of the slender 


ne apical 
18 no lon 
9 () p, 21). 
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causes rupture of the external membrane whi 
the persisting sterigma. Each time a new ro Taro 

further sterigma is formed at its base so that Pagule develo x 
tion has occurred, the point of insertion orth 


ch forms aco 


ibits a Series of S 
arg, 


H | 


a 
f 
st 


Fig. 100. Propagules of Sphacelaria (after Sauvageau). A-H, Sphacelaria 
plumula Zanard.; A-G, stages in the development of the propagule; 2 
mature propagule. I-K, S. cirrhosa C. A. Ag., f. meridionalis Sauy.; I, pur 
nating propagule; J, K, mature propagules, in J detached, in K in Si 
L, M, S. hystrix Suhr; L, young and M, mature propagules. 4, STE 
b, last and c, last but one segment formed in axis of propagule; Së ine 
d, basal system; e, erect shoot; f, foot (pedicel) of propagule; m Zoe 
ferior and s, superior secondary segment; /, arm of propagule; sh 
;buloides) 0! 
broad (S. #ribulotdts)" 
The propagule may have the shape of a Sn may be " 


narrow (S. plumula, fig. 100 H) wedge, or the two iform 
duced and more or less cylindrical (S. furciger a) Me enh : 
biradiata). In certain species (S. hystrix, fig. 100 ^ ^ 
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"roo J) the body of the propagule is prolonged 
gl B, ps in different planes and the number of arms is 
cl gas variable; there may be 2, or 4 or s. Since the 
à mon 1 f) of the propagule constitutes an additional 
t (foot, Ag. : es after detachment appear triradiate, the 
uadriradiate (fig. 100 J). In S. furcigera one or 

E pe branched, xu is mee marked in 

e n p. 409), where the propagules commonly 
F divarical@ M LM loe each fork being su 
: ate 


show Fo Jenticular cell. 


the mod 


cs 3 ble suppo 
E 4 
| op 273 is sympodial in character. 


à es of propagules probably float easily and will readily 
pn Ge SE g algal growth, while the cuneate 
pes being more massive perhaps harbour more reserve food ((43) 
da Any one of the arms (including the foot) can develop into a 
ane if it comes into contact with a suitable substratum (cf. 
ako (6) p. 343, 45) p. 312). It gives rise to a short filament which 
apınds into a disc (fig. 100 I, d) from which the erect axes (e) arise. 
Thearms, not in contact with the substratum, usually produce a tuft 
ofhairs (4), one of which is formed from the apical initial. 


No other member of the order possesses the specialised propagules 
mtwith in Sphacelaria, but many can probably propagate vegetatively 
withthe help of detached branches, as has been observed in S. plumula 
(Hp. 102), as well as in Halopteris scoparia ((46) p. 356). In either 
Mstance the peripheral cells of the lower segments grow out into 


plentiful rhizoids, and in H. scoparia these are stated to be capable of 
producing new erect axes. 


racelaria 

SE H, THE ARRANGEMENT OF THE SPORANGIA 

, germi- Both uni- and 
i 


im situ. plurilocular Sporangia, not uncommonly found on 


Stinct indivi í 
cal cel ies The dual are known in a considerable number of Sphace- 
br. but there ig EE ae of organs usually occupy a similar position, 
i Bor 
rerigm®. 1 Iversity in their mode of arrangement. 


The sha 
De of th : : 
(Hp 199) the GE 1s not altogether constant. According to Sauvageau 


ides) of tin the SE of northern forms of S. cirrhosa have cylindrical 
er, 


in 
pe pro: à um Ore southern forms they are fusiform and tend to increase 
m (S. À hm. olivacea Pringsh : 
ca; EE | "produe tials of grape-like (G1) p. 178) recorded the development from 
| tion, They h ke clusters, assumed to play a rôle in vegetative 


av i 
Ve not since been observed. 
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Fig. ror. Reproductive organs of Sphacelaria (A-E, G, L) and Chaetoptens 
(F, H, K). A, Sphacelaria furcigera Kütz., unilocular sporangium. B, 5 
racemosa Grev., part of erect axis with fruiting branches (f). C-E, G, d 
hystrix Suhr; C, D, female(?) and E male (?) plurilocular sporangia, SE 
in D; G’, male(?) and G, female (?) swarmers from same. F, H, K, ee 
pteris plumosa Kütz.; F, swarmers from plurilocular and H, ditto ie citing 
locular sporangia; K, longitudinal section of an older shoot, with Zon Gb 
branches (f). I, Sphacelaria britannica Sauv., unilocular sporangi®, A 
the left dehisced. J, S. Reinkei Sauv., branch with unilocular chromato 
L, S. bracteata Sauv., pseudo-axillary plurilocular sporangia. © secondary 
phore; e, stigma; f, fruiting lateral; 7, inferior and s, De and I 
segment; l, lateral; o, apertures in sporangium wall; 2; pluri E st, sterile 
unilocular sporangium; pe, pericyst; r, rhizoidal cortex; 5 E Sauvageal: 
lateral. (B, K after Reinke; F, H after Kuckuck; the rest à Le 
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Ne sporangia are generally borne terminally on 
rid laterals (fig. 101 B), which are often short and may 
ached SET (fig. 101 A). In S. radicans (ai p. 231, (63)) 
e a are sessile. The fertile branches mostly, if not 
gporan m dormant branch-initials (fig. 101 J, pe). In 
Je structure (e.g. S. olivacea) there is little distinc- 
vegetative branches, but in those showing 
igera, S. racemosa, etc.) the fertile laterals 
Je and are not uncommonly uniseriate 
pmain COP. cial instances are afforded by S. bracteata ((40) p. 253), 
(fg 10! SE branches are pseudo-axillary (fig. 101 L), which is 
et ce t that the first abaxial lateral (st) remains sterile; and by 
que to the = 38, (33) P- 15) and S. Reinkei ((40) p. 316), where the 
$ Borel ur te 'sympodial in structure and usually bear all the 
de (fig. 101 J). In Battersia (fig. 99 A) and 


the adaxial si t : 
) the sporangia are terminal or lateral on the 


e 
Mare 
ets us and the 
1 wee! A 

inben septation (S. plum 
abunda m aratively sımp 


s orang!a on 

la (fig. 92 À 
Sphacella (fig FR 
(fig. 101 K) formation of fertile branches is rele- 


heral cells of the rhizoidal cortex (cf. Desmarestia). 
how quite an irregular distribution and possess a 
structure; the sporangia are borne at the.ends of 
but there are no other branches. 

The sporangia of Halopteris are found in the axils of laterals of 
higher orders (fig. 102 C), which constitute the “bracts” of Reinke 
and Sauvageau; the sporangia develop from the axillary initials de- 
srbed on p. 274 so that on Sauvageau’s interpretation they are 
actually terminal in position. In H. filicina (fig. 102 A-C) they usually 
occur singly on short stalks in the axils of branchlets (bracts) and 
replace the “axillary ” laterals present on the larger axes; sometimes, 
however, the initial divides so that two or even four sporangia occur 
in the same axil. In other species (e.g. H. funicularis (46) p. 400) the 
re m undergoes more plentiful division and forms a cushion 
Sr Ka (fig. 102 F-L), each of which can grow out into a branched 

late (rarely biseriate) thread bearing a number of sporangia 


i B, s (fg. 102 D); A more ad unga 2 l 
E, G, à (fig. 102 NY i nore advanced condition is seen in H. scoparia 
dee (br ) in which such sori (sp) with their subtending “bracts” 
 Chaeto: ) are united into spik ; : 
ouni (p. 46 Th spikelets situated at the ends of the branches 
fruiting deii whil € lower laterals (st) of these spikelets are sterile and 
LR € same cts ist the upper fertile ones (br) are tetrastichous. Much 
roma crowded to ie in H. hordacea, but here the sessile sporangia are 
‚condary e wien On the axillary cushions ((46) p. 426). 
i RE l Rei ystems are likewise arranged in spikelets in Phloeo- 
Ces €inke’s S 
SE e fertile m S 32) Anisocladus was established for an alga in which all 
quo 412) has Ger secondarily from dormant initials. Sauvageau ((46) 
"Bla on sec n that this feature is inconstant and that production of 


onda À j 
ty shoots also occasionally occurs in Halopterts. 
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Fig. 102. Reproductive organs of Halopteris. A-C, H. filicina Kütz.; A, the 
pseudo-axillary unilocular sporangium; B, part of an axis, with the two kinds 
of plurilocular sporangia; C, reproductive branch, with unilocular sporangia: 
D, H. funicularis (Mont.) Sauv., reproductive branch with unilocular spo- 


rangia. E-N, H. scoparia (Kiitz.) Sauy.; E, part of a longitudinal section ofa 
? ssive develop- 


fertile spike, showing axillary unilocular sporangia; F-L, succes hion 
ment of an axillary cushion, in transverse section; M, young axillary am 
seen in lonpitudinal section; N, a fertile spike. a, axillary A luri- 
au, axillary unilocular sporangium; br, “bract’*; f, female and m, ee sp, 
locular sporangium; i, inferior and s, superior secondary SCH N after 
sporangium; st, sterile lateral; u, unilocular sporangium. ^» => 
Reinke; the rest after Sauvageau.) 
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A 


t here the cushions produced from the axillary 
her side of the.sorus, to a short branch (fig. 
me he position of a “‘bracteole” with re- 


o : 
24 upies t 
h BE act” (b; (33) p. 30). In P. foecundum ((46) 


‘al trangia (fig. 103 D, A arise adventitiously from 

NE S s of the axis of the spike et. ferti 
rip p. 35, (6 P- 476) most of the fertile branches are 
i Jee I, f), arising from large-celled cushions (ax), 
n axillary d in the axils of the laterals of limited growth (1); 
i di are pe cart for a considerable time and as a result become 
D gere SE in the secondary cortex (c, cf. p. 268). When the 
SE embe eriod sets in, the cushions develop into branches which 
gni 2 to the subtending lateral (fig. 103 I, f) ahd at or near 


gni PS Ae cortex give rise to a tuft of threads bearing the 
0 


ot yet d : 
‘The fertile br 


$$ (52) pp. 490, 55 
ce winter from the basal parts of the older axes, at a 


time when the upper portions have often largely perished (fig. 106 A). 
Tie fertile laterals ultimately constitute dense cushions (f), which 
nore or less completely envelop the perennating parts. They arise 
from surface-cells of the secondary cortex (fig. 103 H), or of the 
hioidal cortex, and continued growth of these tissues often results in 
the bases of the fertile laterals (f£) becoming embedded. The fertile 
ode are in general simpler than the vegetative ones, but they 
wy considerably in the amount of septation and the number of 
sporangia, as well as in the presence or absence of lateral hairs and 
ode, both of which are holoblastic in origin; the sporangia are 
ae the superior secondary segments. The mode of origin of the 
n SC of Cladostephus resembles that of Chaetopteris. 

ocular sporangia are generally globular or oblong in form 


Sphacelaria (23) p. 375; Cladostephus) 
rity and all the contents are set free 
Halopteris, Sphacelaria olivacea (4x) P: 59). 
Ge hope is frequent. The stalk-cell 
© branch ((31) p. 170), but more usually 
lu 9 

M is formed (fig, 99 B). In Cladostephus verti- 


20 
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Fig. 103. Reproductive organs of Phloeocaulon, Ptilopog 1 
A, B, Phloeocaulon spectabile Reinke; A, fertile spike with i 
sporangia; B, small part of same enlarged, showing the DN 
C, D, P. foecundum Sauv.; C, “bract” (b), with the two E Tag 
the two “bracteoles” (br); D, the same, together with part ol adventitioß 
axis from which the “bracts” have been removed, hoy e of a fertilt 
sporangia (au). E-G, I, Ptilopogon botryorladus Reinke; E, part F G, t 
lurilocular sporanglà) ^ m 
tic longitudinal sets 
ushions (ax) an 
hes (f). H, Cladostephus Re A 


i i i nc 
which have grown out into fertile bra RN reproductive feit 


Ag., part of a long shoot in longitudinal section, 
K, L, C. spongiosus C. Ag., swarmers. af, acce 
branches; au, adventitious sporangium; b, dulla; $ 
c, cortex; f, fertile branch; h, hair; l, lateral; m, me mé H a 
. u, unilocular sporangium. (C, D, I after Sauvageau; 

K, L after Kuckuck; the rest after Reinke.) 


2 riloculsf 
Dh SCH 


fter Prin 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


alla 
eri 


ed by Arya Samaj Foundation Chennai and eGangotri 


LIFE-CYCLE 291 


3 oun. 162) bulges into the sporangium 
dung A nents. E where heterogamy is 
ischarg® ential difference between the swarmers from 

: eer pia. They possess (figs. 101 F, H; 103 L; 
spo hromatophores (c), one of which commonly 
ore OU ag to Kuckuck (to p. 178) both kinds 
Gg formed during the cold season. 


THE LIFE-CYCLE 


:4 are no doubt normally organs of asexual 
p PR og during spore-formation having been demon- 
e a du bipinnata (6), Halopteris scoparia (is) and H. 
in S$ d lurilocular sporangia commonly occur on distinct 
din (28). ae swarmers have been shown to behave as gametes 
iiis On us spongiosus (56) and Sphacelaria bipinnata (30), such 
in crise haploid, although this has not up to the present been 
= Jants Sg ically. Plurilocular sporangia may, however, also 
poved eae ene individuals as the unilocular ones and, in S. 
ca yr ((6) p. 17), their swarmers have been shown to be diploid, as 
l Ee Ectocarpales (cf. also (4) p. 179). The two types of sporangia 
qe found on the same plant in. several other species of Sphacelaria 
(mp. 170, (48), 62), although in most of these (cf. e.g. (1) p. 232) 
individuals bearing plurilocular sporangia alone are also recorded, 
suggesting the probable existence of haploid plants. About 90% of 
the individuals of S. bipinnata examined by Papenfuss (30) bore uni- 
locular sporangia only. 

Itis significant that the species of Halopteris, apart from H. filicina 
(kp. 419), never bear the two types of sporangia on the same plant. 
This segregation is also found in Phloeocaulon, Ptilopogon, Chaeto- 
pleris, and Cladostephus. This implies that, in the more specialised 
Sphacelariales, the occurrence of plurilocular sporangia (presumably 
always diploid) on individuals bearing the unilocular type has, as in 


Ectocarpales (cf. P. 131), either become exceptional or is altogether 
joseph | Uppressed, 


i li i D 5: D 
Ga SCH of the swarmers from the plurilocular sporangia has been 
angia trated in Cladostephus spongiosus. Schreiber(s6) observed 


; Am Q 
E Ce SEN (fig. 104 A-E) and established that there are 
wé tinguishable SE strains. The two types of gametes are indis- 
À ; losin ee the female (fig. 104 B, f) round off at an early stage 
Sc Retes (m) Sane are sought out by the more active male 
mil Somorphic Ate teiber concludes that, in C. spongiosus, there is an 


branchés} — -BaMetonh ve Tnation between a sporophyte with unilocular and a 
ye o PY With plurilocular sporangia (gametangia). Both types 
cteole | author S Can also d Bla Lë g 

vals thority failed to ob evelop apogamously ((s6) p. 240). The same 
ngohi obtain fusion of the swarmers from the plurilocular 
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sporangia of Chaetopteris plumosa and t 


h 
diploid, but it is equally possible that s ROUE ar 


d 
ome factor in the them 


prevented the occurrence of sexual fusion. culty à ai 
In Sphacelaria bipinnata Clint ((6) p. 17) record Teg pr 
haploid swarmers from the unilocular sporangia en fusion of th dip 
are not convincing and give the impression of ah ugh the de T 
Papenfuss ((30) p. 443) did not observe any such fos Occurrence, j" 
germlings from these swarmers (fig. 104 G-I) did not A although the spl 
the one-celled stage; this is perhaps related to the endo SE beyond " 
the species in question. T'he swarmers from the plurilo P pe habit of a 
of diploid plants likewise failed to fuse, but in plants Vos ^ 
Ing such i 

c ie 

Sy gm 

D Sch s 

9° ia 

S due 


Piil 
com 
L (ft 
auth 
) fere 
` - b spec 
Fig. 104. A-E, Cladostephus spongiosus C. Ag.; A-D, sexual fusion; E, ee 
zygote. F-M, Sphacelaria bipinnata Sauv.; F, zoospore; G-I, stages in iB 
germination of same; J, gamete; K, L, zygotes; M, motile zygote. c, chrome: ture 
tophore; f, female and m, male gamete; s, stigma. (A-E after Schreiber; Ma 
F-M after Papenfuss.) and 
, ; . - NM T con 
sporangia only they function as gametangia. This species is mon E 
oecious, and both gametes are motile when they copulate; the two 1 
corresponding flagella of the zygote are usually wound que a on! 
another (fig. 104 M) and the product remains motile for several hours. dou 
; to 
Swarmers from the unilocular sporangia have also been gue Th 
copulate in Halopteris filicina and H. scoparia (@o) P. Cee possi- i 
Higgins (15) failed to corroborate this in the latter species: urrence in nl 
bility of such fusion cannot be denied in view of its SEH ure plants Ge 
Ectocarpales. Sauvageau(s), however, grew practically ma ia without i 
of H. scoparia from the swarmers of the unilocular EE being Re 
observing fusion, a fact which is strongly in Ee pluriloculét | i 


asexual. On the other hand, the swarmers from | 
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Ar verticillatus developed directly into vigorous 
CladosteP Piso (so), which either implies that they were 
3635 cf. nae development readily occurs in this species. 
y ogam H o Q 
hat 2d T Cladostephus spongiosus and Sphacelaria bi- 
ngia d this appears to be true of several other 


me 
The P all zen (a p. 59). Several species of Sphacelaria 


en eis (eg wever, roduce plurilocular sporangia of two kinds 
h the » graloptert ho the unilocular sporangia seem to occur on distinct 
mi |. lof these de hystrix (69) (42) P- 339) the two types of 
Jit of du p n OO size of their compartments (fig. 101 C-E); the 
D yn i ue an (fig. 101 G)are relatively large and possess several 
Suc) 


(c) whilst those of the other type (fig. 101 G^) are 


g ure germ 
psti eee Ge are gametes and that the plants pro- 
bable 


; are gametophytic. Both they and the individuals bearing 

ducing nein produce propagules, which are, however, formed 

oho SP e on special threads arising from dormant initials (45). 

| Se d plurilocular sporangia are also known in S. furcigera 

e % w) p. 377), but here both have relatively large compartments 
sporangia ahd meiosporangia ?). ; is 

Sauvageau likewise records two types of plurilocular sporangia in 

Habpteris filicina ((43) p. 419), Phloeocaulon ((46) pP. 462, 467), and 

Pilopogon ((46) p. 479). They differ in colour and in the size of their 

compartments (fig. 102 B), those of the supposed female gametangia 

(/)being twice as large as those of the supposed male (m). The same 

authority has published data that indicate a possible further dif- 

| ferentiation in certain species of Halopteris. In the spikelets of a dried 

specimen of H. scoparia ((46) p. 370, (48)), he observed reproductive 


s in organs of two types, viz. (a)  antheridia", with a single apical aper- 
ms lureand containing numerous small cytoplasmic masses arranged as 
ber; na plurilocular sporangium, although septa were not recognisable, 
Serie pyriform “oogonia”, containing a single strongly 
on- a yes of cytoplasm. Similar structures are also believed to 
two : hordacea ((46) p. 428). 
one a Zen relating to Halopteris and Phloeocaulon were made 
UIS. mbt poorly specimens in which the reproductive organs were no 
| to Sof no ER served, but they cannot for this reason be dismissed 
ugh They indicate oming as they do from so reputable an investigator. 
a Dag in all cha considerable degree of probability that in many, 


k t 1 
Prilocular s d Species of these two genera there are two types of 
i in Dat wi D The implied existence of heterogamy is quite 
he age Oe the high degree of anatomical and morphologica 

i d 

slar ip (opt. Vit} 5 m regards the plurilocular sporangia found by 
*Peties the NOS ) in H. funicularis as antheridia and concludes tha! 
ypes of “sex organs” are borne on distinct plants. 
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differentiation exhibited by the genera in question 
may be felt as to the existence of oogonia with a sin ic s 
species of Halopteris (cf. also (rs) P- 352), A m 
regarded as altogether improbable. Those who are e thi 
for the study of these species should attempt to elu Qurably si 
portant problems. Cidate these TN 


THE EARLY STAGES OF DEVELOPMENT 


The first stages of germination of the spores resemb 
Phaeophyceae already considered (fig. 104 G- » SE Of other 
provided with a discoid basal System, the latter Str acelarias, 
first. In Halopteris hordacea ((46) P. 429) and H. sco et ages 
Pact 


parenchymatous disc (fig. 105 C, D, d) is formed b 
shoots develop. fore the erect 


In H. scoparia} this disc generally gives rise to a si 
thread (fig. 105 C, D, r) having a simple multiseriate Structure (fi 
105 A, B, 1) and bearing a number of hairs (A), though othe 
unbranched. After some little time its growth terminates, but before 
this happens it produces from one of its lower segments a sin le 
lateral (fig. 105 B, 2) which develops into a thread of the cose 
generation. This is rather more robust and bears a number of di- 
stichous branches, as well as hairs (fig. 105 A, 2). Thissecond axis, in its 
turn, ultimately ceases to grow and produces from near its base a still 
more vigorous lateral of the third generation (fig. ro A, 3). Ultimately 
a fourth arises in the same way, and this (fig. 105 A, 4) develops into 
the mature plant. The production of each successive generation from 
a basal segment of the previous one recalls the late formation of 
laterals from dormant branch-initials in the mature individuals of 
Halopteris. 


ngle Upright 


Such a development probably occurs also in other species of Halo- 
pterts. In H. filicina ((43) p. 411), although the first-formed erect thread 
may develop into an adult shoot, its growth is commonly limited, the 
functional mature shoot then arising as a lateral branch froin near its 
base. The first erect thread of this species soon branches and develops 
thizoids from its lower cells. These envelop the part of the axis below 
and spread out over the substratum, where they expand into small de 
which may fuse to form larger ones and which give rise to other erec 
axes; these may exhibit a similar development. ; 

0 


The small disc produced from the swarmers (fig. 106 B, eu 
Cladostephus verticillatus (49), (s2) p. 566) always gives rise m. ben 
place to a long hair (h), after which a simple erect thread o 
: ccording to Sauvageau 


in fig. 105 
i UE RE division 


he disc: 


1 The gelatinous envelope of the disc is derived, a 
((51) p. 47), from the membrane of the spore. The sma d 
and D, which much résem5les an original spore which has un t 
is regarded by Sauvageau as a problematic outgrowth from 
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is formed. Subsequently other more robust 


-D, «cells of the enlarging disc (fig. 106 D, 2-4), 
surface” ber of these have been formed that there 
nu 


h 
ct 18. 105, 9 

Sana) Malopters scoparia (Kütz.) Sauv., earl 

the successively D of development, the do 
of ES Primary a Gy ping axes; B, development of second axis (2) from 
st e f timary. axis (1). » D, early stages, showing embryonic disc (d) and 
d sh hair; p, RR apical cell; d, basal system; g, body of doubtful 
iu As a sh 
C terine oot Of unlimi d 
Së | E Orled pans growth (5) which develops the charac- 

| WV prima ng and other features of the mature axis. The 


| Shoots are all of limited growth and show in- 


| i 
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Fig. 106. Cladostephus verticillatus Ag. (after Sauvageau). A, part of alent 10 
plant in which the long shoots have shed the laterals of unlimited Pm 7 
some of the truncated ends are proliferating (p), while numerous ney bs mpi 
(s) are arising from the basal disc (d). B, C, carly stages in SE Ee Ru 
D, a much later stage, showing commencing development of t NI alta 
shoot (m), 1-5 the successively formed axes. E, still later stage (st) from gule 
further development of the mature shoot and formation of sowei Jateral. 

the basal disc. d, basal disc; e, erect shoots; f, fertile tracts; h, hairs; ^ 
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In the first many of the lower secondary seg- 
longitudinal division, but in the later ones such 
more regularly. The first-formed shoot often 
_ while the subsequent ones (fig. 106 D) pro- 


nd show occasional holoblastic branching with 


Jexity: 
comp 
Ber undergo 


gli of the I. right shoots. They spread in all directions over the 
pus With © veloping occasional coralloid haptera, especially near 
stratum, e right axes that originate from the stolons. Other 

ses of the UP ed (p. 282), arise as prolongations of some 


ready men i | 
de, files of cells composing the disc. 
of the p 


THE GENUS CHORISTOCARPUS 


enellus (Ectocarpus tenellus Kütz.) (Go) p. 65, (22), (25) 
, (6s) p. 1), found in deep water in the Mediterranean, 
ka small form with uniseriate filaments (fig. 107 A) exhibiting well- 
marked apical growth and alternate branching. The segments of the 
ici cell undergo no further appreciable elongation (fig. 107 B). The 
din-walled cells contain numerous rounded or oblong chromato- 
phores which are without pyrenoids; they are densely packed in the 
ail cells, but less closely in the others (fig. 107 B) so that the 
elongate cells present a rather characteristic transparent appearance. 
Theapproximation to one of the simpler Sphacelariales is increased 
by the abundant production of propagules (C4), (22) p. 310), although 
these do not possess the characteristic shape óf those of Sphacelaria. 
They are oblong structures borne on a unicellular stalk (fig. 107 A, p) 
and usually composed of two cells (fig. 107 D), although sometimes 
Ser three-celled. Each cell is uninucleate and has alveolar 
ups à ibe nature of the cell-contents there is much re- 
an ie monospores of Tilopteridales (p. 156). After 
ent of the propagule the stalk can produce a second. 


Plants beari 
cating such propagule i i ar 
sporangia occu propagules also produce sessile unilocula 


horistocarpus t 
9.1, 53) P- 158 


nm a Te Aea same position as the former (fig. 107 A, u) 
elt EL The swarms 19 swarmers delimited by mucilage-septa (fig. 
E "Ire of the spo ers (Gs) p. 13), which are set free by an apical 
m Numerous dee d are large and move slowly; they possess 
wing Then of th m lores, with an eye-spot next to the point of 
from Bs haye x © Yagella (fig. 107 F). Mature plants bearing propa- 
eral ët M n from these swarmers. Other individuals, 


a Which are lik Propagules, bear plurilocular sporangia (fig. 


(ap ewis i : 3 
314), Th € sessile and spherical or oblong in shape 
€ fate of the contents is unknown. 
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d 
rd.; A, part of a thread, 
lower dehisced; B, apé 
- E, unilocular spo 


Fig. 107. A-F, Choristocarpus tenellus (Kütz.) Zana 
Ve a propagule and two unilocular sporangia, the ; 
of a thread; C, plurilocular sporangium; D, propagule; um 
rangium; E i DE from E dc Discosporangium COGI. 
(Menegh.) Hauck; G, threads with plurilocular sporangity A chromato 
enlarged, H in optical longitudinal section, I from the Sa pluriloculr 
phore; o, aperture of unilocular sporangium; p, propagu Seen the rest 
and u, unilocular sporangium; s, swarmer. (G-I after Fa 

after Kuckuck.) 
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Jaced the rare alga Discosporangium (1o), only 
o) N: les, together with Choristocarpus in a 
he Bay of Falkenberg had already emphasised the 
vegetative characters, although the branches 
| Ms the middle of the parent-cell (fig. 107 G). 
ns, so far observed, are plurilocular sporangia 
Jate around the middle of the elongate 
Y G-1); in some ways they recall those of 


on of Discosporangium remains altogether 
h and other features suggest an affinity with 
ductive organs scarcely lend support for 
(23). Schmidt (ss) contributes nothing. 


poo)... 
matic positi 
a ical Re SS 
deif put the rep 
Ch ship ((2) P- 317» 
suc 


qgE AFFINITIES AND STATUS OF 
THE SPHACELARIALES 


e ical growth and characteristic segmentation 

Jn their pls Er SE defined group me is almost 
the eel one. The numerous modifications that occur are 
etl hie to a common plan and warrant the assumption of an 
B eng simple filamentous types with apical growth.! Such 
atypeis furnished by Choristocarpus, which Kylin (66) p. 306) refers 
to Sphacelariales, a point of view with which one may well concur. 
Apart from the resemblance in mode of growth and cell-structure, the 
currence of propagules in Choristocarpus serves to emphasise the 
ën, Kuckuck (G2) p. 316) drew attention to the marked similarity 
between the young propagules of Sphacelaria tribuloides and those of 
Choristocarpus, The greater degree of elaboration of the mature 

/ popagules of Sphacelaria has perhaps gone hand in hand with the 
differentiation of the vegetative system. There is much similarity, too, 

between Choristocarpus and Sphacella. In the latter the simple 

SUM Is possibly a result of reduction and, without further in- 
> sition, it is impossible to say whether this may not also be true 


i Choristocarpus, Be that as it may, both genera exemplify little- 


Eum which, except in their apical growth, are not 
UON rom the simpler Ectocarpales. 

read, [| Lis the thee out above that in many, if not in all, Sphace- 

apex ten asexua ycie probably involves an isomorphic alternation 

Ge ak contr: and sexual individuals; in this respect the Sphace- 

de pe o deser markedly with the polystichous Ectocarpales. The 

mato | “morphic mon also directs attention to forms like the simpler 


ular Orde Ctocarpacea, igi i 
A They probable € for the origin of the members of this 


et from simple represent one of the numerous lines of evolution 
ibly an ofishi amentous Brown Algae, Choristocarpus being 
1 oot IO SY. H 
i m this line (cf. also (67) p. 76). 


ce also the genus Acrocytis of Rosenvinge ((38) p. 8). 


i 
3 connection s 
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An affinity between Sphacelariales and Til : 
suggested ((sza) p. 65, (s7)), the monospores SPON a 
as equivalent to the propagules of the forme one 
semblances, the importance of which it is ae D 
present state of our knowledge, the THE E to 
removed from the Sphacelariales by their Dee appear 5 
growth and by the fact that the monospores aw! (tric 
function, are of the nature of spores, since they pa cs the 

Ormed wita f 


definite sporangia. 
Oltmanns, largely on the basis of S 


Ger: s auvageau's j Ero 
divides the order into: 8 nvestigationg, sub 


1. Sphacelariaceae: Battersia, Chaet 
Sphacelaria. 

2. Stypocaulaceae: Alethocladus, is; 
Phloeocaulon, Ptilopogon. Haloptstis (inel. 

3. Cladostephaceae: Cladostephus. 

To these may be added: 

4. Choristocarpaceae: Choristocarpus. 


opteris, Disphacella, Sphacel 
a, 


Stypocaulon, 


LITERATURE OF SPHACELARIALES 


1. See No. 14 on p. 140 (Askenasy, 1889). ra. 

(Batters, 1897). 2. See No. 32 on p. 141 CR io e n 
on p. 141 (Boergesen, 1939). 4. CHEMIN, E. ‘Sur le patei ee 
Sphacelaria bipinnata Sauvageau.’ C.R. Acad. Sci. Paris, 174, 244-7 ie 
5. See No. 102 on p. 749 (Chemin, 1923). 6. CLINT, H. B. “The D 
history and cytology of Sphacelaria bipinnata Sauv.’ Publ. Hartley Bot. Lab, 
Liverpool, 3, 1927.- 7. CoLLINS, F. S. & Hervey, A. B. ‘The Algae of 
Bermuda.’ Proc. Amer. Acad. Arts and Sci. 53, 1-195, 1917. 8. DICKINSON, gem 
C. I. ‘Some marine algal balls from Tasmania.’ Ann. Bot. 47, 253-9, 1933. | weie 
9. See No. 54 on p. 44 (Escoyez, 1908). XO. FALKENBERG, P. ‘Ueber Renan 
Discosporangium, ein neues Phaeosporeen-Genus.’ Mitt. Zool. Stat, Med NET 
1, 54-66, 1879. xr. See No. 36 on p. 14 (Farlow, 1881). Ii) 

T. ‘Zur Kenntnis der Sphacelarien.’ Jahrb. wiss. Bot. 4, 479-535, 18654. WOH 
13. HARIOT, P. ‘Algues Mission scient. du Cap Horn, 1882-3, Paris, 5, Bot, P ‘Choris 
3-109, 1888. — x4. Hauck, F. ‘Choristocarpus tenellus (Kütz.) Zansd! | Ser 
Hedwigia, 26, 122-4, 1887. x15. Hıccıns, E. M. ‘A cytological mp: || bn 
tion of Stypocaulon scoparium (L.) Kütz., with especial reference to the unt- (Schuss 
locular sporangia.’ Ann. Bot. 45, 345-53, 1031. 16. JANCZEWSKI, E. l6 | Sexy 


dérelopl 


1873. 18. See No. 75 on p. 256 (Jönsson, 1904). 

p. 143 (Kjellman, 1897). 20. See No. 127 on p. 
21. See No. 133 on p. 143 (Kuckuck, 1894). 22. KUCKUCK, 
Schwärmsporenbildung bei den Tilopterideen un 
tenellus (Kütz.) Zan.’ Jahrb. wiss. Bot. 28, 290-322, 1895: Kuckuc 
on p. 143 (Kuckuck, 1896). 23a. See No. 16 on p. DM 147 on Pal 

24. See No. 145 on p. 144 (Kuckuck, 1912). 25. See No. 27. MAGN 
(Kuckuck, 1929). 26. See No. 15 on p. 157 (Kylin, 191; Feier zoo:jäll: 
P. “Zur Morphologie der Sphacelarien, etc. Festschr. ven Vi T 
Bestehens Ges. Naturf. Freunde, Berlin, 129-56, 1873. 22: 


CC-0. In Public Domain. Gurukul Kangri Collection, Harid 


ed by Arya Samaj Foundation Chennai and eGangotri 


LITERATURE 301 
ology of the reproductive organs.’ Publ. 


t 
“tz: puer s, 1935. 29. See No. 182 on P. 145 
sing: ENFUSS G. F. ‘Alternation of generations in 
APENF CH 


o. P iser, 437-44, 1934. 31. PRINGSHEIM, 
a . che Differenzierung in der Sphace- 
der ONE NE Phys. Kl. 137-91, 1873 (Gesammelte 
Akad. Wiss. 22: See No. 198 on p. 145 (Reinke, 1889). 
1895). ergleichenden Anatomie und Morphologie der 
zur m 1891 (see also Ber. Deutsch. Bot. Ges. 8, 
mL RB | «Ueber Gäste der Ostseeflora.’ Ibid. 10, 
e de | 34 REINKE, J: p. 145 (Reinke, 1892). 36. See No. 202 
L ao KY See No. 203 on p. 145 (Rosenvinge, 
I Be K` “Marine Algae from Kangordlugssuak.’ 
cm "No. 8, 1933. 39. SAUVAGEAU, C. ‘Sur la 
De 'Sphacelariacees.’ C.R. Acad. Sci. Paris, 126, 
ydo C. ‘Remarques sur les Sphacélariacées.' 
gli € 7 yo, SAUVAGEAU, SAUVAGEAU, C. ‘R e 
rä: etseq. 1900. 4I- AU us RE SC 
MES oi 14) c 15, 22 et Seq., 1901. 42. SAUVAGEAU, C. ‘Re- 


de 
y edit, » Thi e S 
aulo), Pi ‘acées.’ Ibid. 16, 325 et Seq., 1902. 43. SAUVAGEAU, 
S em ha acélariacées. Ibid. 17, 45 et seq., 1903. 44. 


o Remarques «Gur les Sphacelaria d’Australasie.’ „Notes Bot. School, 
[| 5099 in 1, 196-200, 1902. E SAUVAGEAU, C. Sur les variations 
sat Coll. Du See et sur les espèces de son groupe.’ Mém. Soc. Sci. 
i E s v1, 3, 309-19, 1903. 46. SAUVAGEAU, C. ‘Remarques 
i Nat A riacées” Fasc. 2, Paris, 337-480, 1904 (pp. 337-48 in Journ. 
se" 1904). 47. SAUVAGEAU, C. ‘Sur les pousses indéfinies 
aBa 8, EM verticillatus? Act. Soc. Linn. Bordeaux, 61, 69-94, 


Nout Ven Kee C. ‘Sur la sexualité de l Halopteris (Stypocaulon) 
sme de Ke CR, Soc. Biol. Paris, 62, 506-7, 1907. 49. SAUVAGEAU, C. ‘Sur 
1, 1922, li gemination et les affinités des Cladostephus.’ Ibid. 62, 921-2, 1907. 


"he life 


40, SAUVAGEAU, C. ‘Nouvelles observations sur la germination du Clado- 


ot. Lab | phs veticillatus.’ Ibid. Gk, 695-7, 1908. — 5x. SAUVAGEAU, C. ‘Sur le 
Igae of E Wétpppement échelonné de Halopteris (Stypocaulon Kütz.) scoparia Sauv. 
INSON, E remarques sur le Sphacelaria radicans Harv.’ Journ. de Bot. 11, 2, 44-71, 
1933 E mie do C.R. Soc. Biol. Paris, 65, 162-3, 1908). 52. SAUVAGEAU, C. 
en Ronarques surles Sphacélariacées. Fasc. 3, Bordeaux, 481-628, 1914. 52a. See 


Jang 157 (Sauvageau, 1928). 53. See No. 240 on p. 146 (Sauvageau, 


EYLER, z Raiträ c à 
E IM). $4 SCHINGNITZ VON BÖSELAGER, A. “Beiträge zur Kenntnis der 


a Sphacelaria cirrosa? Hedwigia, T5, 285-90, 1936. 55. SCHMIDT, O. C. 

nard” cae und Discosporangiaceen.’ Ibid. 77, 1-4, 1937. 56. 

estig E An Dat: er die geschlechtliche Fortpflanzung der Sphacelariales.’ 

eue | ig, 1928). Ges. 49, 235-40, 1931. 57. See No. 26 on p. 157 

St: ve te : 58. See No. 179 on p. 259 (Skottsberg, 1907). 59. 

337 E Den, 1897) P. 259 (Skottsberg, 1921)., 60. Sce No. 234 on p. 48 

put D Nass up 61. See No. 277 on p. 147 (Taylor, 1928). 62. See 

41-60 tn of Shared (Taylor, 1937). 63. TraıLL, G. W. ‘On the fructifica- d 
(21 A KI di an Harvey and S. olivacea J. Ag.’ Trans. Bot. Soc. 1 
M Ka (Rom) ^7 » 1888. 64. Wittrock, V. B. ‘Ueber Sphacelaria 

eber fs A 

y 


l Se No, 14 02 P aegagropila Ag. Bot. Centralbl. 18, 283-4, 1884. 


m „No. 1 B hal 
x yi liche UR 180 (Zanardini, 1860). 66. ZIMMERMANN, W. Kä 
1897) "e 1923, 65 pon an Sphacelaria fusca Ag., etc.’ Zeitschr. Bot. 
1H * Sec No. 312 on p. 396 (Fritsch, 1943). 


GNUS: 
„jahr. 
y. Te 


. In Public Domain. Gurukul Kangri Collection, Haridwar 


on 


Digitized by Arya Samaj Foundation Chennai and eGa 


302 DICTYOTALES 
Order VIII. DICTYOTALES 
The genera classed in this order form a Natural pro J j 
not only by the apical growth, the usua] dichotoma? (isen ^ 
one plane (figs. 108 A; 110 A, B, G), and the lack of a acte m 
ferentiation of the foliose thalli, but also by the o anatomic. ai H 
O 


. OUS se. 
Hec phic mai 
d angia (fip re 
only in fours (pl 
Kä 


u 
oaths Tiie antherig 
y grouped in Well-defs 
as usual in Phaeophyce à 
1a (fig. 112 F) resemble. 


2 Produce numer 7 
colourless spermatozoids (fig. 112 C). There are no evident D 
nitie 


with other specialised Phaeophyceae exhibiting ap; 

the nearest relatives must be sought among the evi and 
ated forms. The Dictyotales, like the Sphacelariales bake RE \ 
originated from simple filamentous types with: an med Pa S 
cycle, although evolution has here followed a different cous M [2 N 
of the non-European genera are imperfectly known. E 4 


The Dictyotales are for the most part inhabitants Of warmer sex 
(cf. e.g. (24) p. 101, (57) p. 116, (73) p. 507). The three largest genen 
—Dictyota, Padina, and Dictyopteris (Neurocarpus, Halyseris)—are 
practically world-wide in their distribution, but, except for the first 
with two, each is represented only by a single species on North 
European shores. The northern part of North America, both on the 
Atlantic and Pacific coasts, is practically destitute of representatives of 
this order (Go), (ss) p. 168, (56) p. 650, (58)). The considerable genus 
Zonaria is widely distributed in warmer regions, a common tropical 
species being Z. variegata; several species are recorded from New 
Zealand ((26) p. 218), although none occur in North Temperate regions, ` 
Taonia atomaria is found over a large part of Northern Europe and is 
known from the Canary Isles and the Mediterranean. The Dictyotales, 
especially species of Zonaria, are well represented in the E S 
Hemisphere, and the remarkable genus Lobospira is so far only record? 
from Australia. the D 

Most Dictyotales grow in permanently submerged ee eal B 
normal habitat is probably in water of some depth. en in s 
(Dictyota dichotoma, Padina pavonia) are, however, CO ts 2 
rock-peols between tide-levels and it is evident that various n 
can exist in a variety of situations (cf. also (œo) p. 252). 


VEGETATIVE STRUCTURE m le 
DÉI. 
Dictyota dichotoma (as), (44) p. 184, (47) p. 3, (59) P- 7) ehe Sot D 
British representative, is a widely distributed M are normal) Fo 
forked fronds (fig. 108 A), all the branches of wi 
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Jane, arise from a cylindrical rhizome attached 

. the same p d s ai? sometimes branched rhizoids. These can 
ara E of the flat thallus, which is sometimes partly 
lop from i The lower part of the erect fronds is likewise 

d attac P 
wie? 4 


VE 


genera 
s)—are 
1e first 
North 
on the 
ives of 


genus 
ropical 

| New 

gions. à 

andis 

otales, 

uthem | 

sorded Fig. 108. Dictyota dichotoma (Huds.) Lamour. A, habit; B, basal part of a 


ant show; We ( 
D Braune adventitious branches; C, apex of thallus in surface-view; 
dr: ei EI thallus in transverse section, r, 2 the first division-walls; 


H n â] A E D 
De pc and segmentation; F, dichotomy; G, section of thallus bearing 
ind in cell of gia(s). a, adventitious branch; b, basal cell of sporangium; c, central 


otales of th RE & refractive globules; A, hair; i, apical cell: p, peripheral layer 
t oen basal part of thallus; sp, sporangium. (A, G after 
T Reinke; C, F after Cohn; D, E after Wenderoth.) 


Cylindrical "e 
onest SCH (a) ud 108 B, s) and commonly gives rise to adventitious 
nili Yo Whig a alt © of which may develop as horizontal stolons (@7) p. 4).* 
mally de thi gether clear whether the erect fronds are lateral branches of 


AC or D B 
"present its DEE EE more probable from analogy with Padina, 
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Both the lower cylindrical parts andt 
they gradually expand (fig. 108 B), grow nas, into 
cal cell (fig. 108 C, 7) LE by means eet 
appears circular in the cylindrical 
portions. On the broader fronds the 
(cf. fig. 108 F), but when the thall 
implexa) the segments gradually narrow to the apica 

The latter cuts off a single series of Segments (fig, rog 
broaden considerably behind the apex (4) and unde SGB 
tion. In the flat thallus the first curved wall (fig. 108 Do 


en sli y 
ely divide 
l cell, 


) which 
AT septa, 
mately parallel to the plane of flattening and divides the u apro, 


two unequal cells (64). The second wall (2) arises in the = Bment into 
the larger cell and separates a central. (c) from two peri e Plane in 
which divide by consecutive longitudinal walls SE cell, 
surface (fig. 108 C, E); this is accompanied by some ve ode 
mentation of the central cell. Tied seg. 

The mature thallus thus comes to consist of three layers (fig. 108G 
a middle one (c) of large cells with few or no chromatophores bound i 
by layers (p) of small cells, densely packed with chromato 
central cells contain, apart from fucosan-vesicles, conspic 
of large refractive globules (g) which are suspended by 
strands; they appear to constitute some kind of food-reserve (fat 
according to Hansen ((3) p. 268) and are stated to be responsible for 
the iridescence commonly exhibited by this alga ((6) p. 708, (12) p. 162, 
(35) p. 73). The rather thick walls separating the cells posséss con: 
spicuous pits (fig. 112 B, pi). Tufts of colourless hairs, with the usual 
basal meristem, are scattered over both surfaces of the thallus (fig. 108 
G, h), but are shed during the reproductive phase. In the cylindrical 
thallus there are from 3 to 6 layers of internal cells. 

Dichotomy is effected by longitudinal division of the apical cell into 
two equal halves (fig. 108 F), the classical instance of such branching. 
Adventitious laterals, which develop from single marginal cells (4 
p. 6) and expand in the same plane as the rest of the thallus, are not 
uncommon ; they tend to arise especially at points of injury and, after 
death of the parent, become independent and constitute a poU 
source of vegetative reproduction. According to Schreiber ((s#) p.2 9) 
pieces of the thallus provided with an apical cell readily develop in 
new plants. 


uous groups 
Cytoplasmic 


In other species of Dictyota ((4) p. 45) the dichotomy 1s SE 
so regular and, as a result of more vigorous development Se n 
limb, a pinnate habit (e.g. D. Binghamiae J. Ag.) may be Sr The flat 
certain species the fronds are toothed (e.g. D. ciliata J. ee species 
thalli sometimes possess two or more layers of central cells is Dilophus 
exhibiting this feature have been referred to a Separa A presents 
(G) p. 106, (4) p. 84), but the maintenance of such a distinc 
considerable difficulties (cf. Gei p. 651). 
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1, (7), (44) P- 180, (47) p. 15) is a rare perennial 
wonia (9 [po | on the southern shores of England, but it is 
Walk lev ean and other warmer seas, where the 
species OCCUT. The numerous stalked fan-shaped 
1 ua cm. high, the larger ones often loosely 
nal axis like a cornet, are distinctive of all the 


ci. t udi ^ S : s 
their longit The stalk of each frond is the upward continua- 


n 
(ar, = of the Be the prostrate perennial rhizome (fig. 109 C, rh), 

ii of a branch © ched and attached to the substratum by tufts of 
hich um " ichl | Bei of the fans bear a considerable number of 
Ge gini Turon SS terete at the base but flatten somewhat at their 
into wkl Many of them do not develop pone anaes but some 
tein M out and form secondary fans, the CR S 9 Which produce 
ell mj ds in the same manner. In this way extensive branch- 
TM oher pn "arise. Except for the distinctive shape of the fronds, the 
seg. systems may £ Padina recalls that of Dictyota.! 


) m 
morphology of ` A7 
The concentric zones 


\ on the fans are due to hairs (fig. 109 B, sp), 
A which are arranged in 4= 


8 rows. The zones of hairs occur alternately 


ded hetwo surfaces, but are more strongly developed on the upper and 
The pf 9" ted to be ((7) p. 262) specially prominent in plants exposed to 
um m licht, The reproductive organs are formed on either side of 
p^ s. although during their development the hairs are shed. 
d Ther is often a thin incrustation of carbonate of lime, especially on 
d the upper surface; as a result the fronds appear whitish, although 
o olve-green or reddish hues are also frequent. 
al The cylindrical shoots possess a single apical cell like that of 
108 Dictyota (cf. fig. 109 I); the segments divide into a central and four 
d peripheral cells, all of which undergo further segmentation. The 
yung flabellate fronds also grow by means of a single apical cell, but 
16 the mature fans possess a marginal meristem (fig. 109 F). 


ng. yg Whena young frond is about to develop into a fan ((44) p. 180, (46) 


ay peat P: 17), the segments of the apical cell (fig. 109 F, r, 2) undergo 
"t Nul division so that there is rapid broadening behind 
e oe the angle formed by the two edges of the thallus 
y) Si de ar obtuse until it approaches 180°. The apical 
fe Mille of the Merce mc segments (3, 4, 5), now appears in the 
Produced by longit EE margin, while the outer cells (fig. 109 F, 2), 
. ig Sıtudinal division of the older segments, are situated 

d s 
ne isl Up N E em described a sterile alga (Dictyerpa), which was found 
In AD 9 20 em, Le d and appeared like “rolled and twisted 
dat bran nous branching SCH N mm. thick. The terete strands showed di- 
jes by asin ee capped by a e nl irregularly disposed laterals, each 
On Bebe of a of cylindrical Sa nerical apical cell and traversed internally 
its | bean una ictyotales, ren 1 his may prove to be the rhizome of some 
3d like nd form of Dies CR Svedelius ((38) p. 188) suggests that it may 
M sterile (cf. N a, comparable to those known among Fucales 

aij \ 9) p. 444). 


è 
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Fig. 109. Padina; A, P. Vickersiae Hoyt; B, P. gymnospora (Kum) VES whic 
D, P. Sanctae Crucis Boerges.; C, F-K, P. pavonia (L.) Gai ing plant; thot 
B, part of thallus showing hairs and sporangia (sp); C, deve of tet ade, 
D, longitudinal section through margin of a fan; E, SNE position of fro 
spores; F, surface-view of margin of developing fan, ene apical cell; fs 
original apical cell (a) and marginal initials, 1-5 ER = Le central cell te 
m. J, K, development of hairs, longitudinal sections. 4, apical COM) ^7 + initialsi tom 


: ; hair-initial; ^ 
of thallus; cu, cuticle; e, erect shoots; f, fan; h, hair; hi, hair-In p, D sitet 
I, lateral; n, nodule; r, rhizoid; rh, rhizome. (A after Taylor; 
Boergesen; C, F after Reinke; E, G-K after Carter.) 
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it, All the cells at the front edge acquire dense 
a d become meristematic; they lengthen Perpen= 
contents SCH undergo repeated periclinal division, accom- 
SEH division, whereby the number of files of cells 
GC SE inal apical cell (a in fig. 109 F) either divides 
D : The M nes its place being taken by cells of the under- 
m^ inally OF er micircular edge of the enlarging fan is now occu- 
3 i ent. The E of marginal initials which have the shape of 
IO ies with their greatest width perpendicular to the 
ace 


pricks p the thallus. a 
uf ts cut off from the cells of the marginal meristem (fig. 
The SE de longitudinally into two somewhat unequal parts, 
wD e ment lying towards the morphologically upper side.! 
ie smaller aoe of more rapid elongation of these upper segments, 
eT of the fan becomes circinnately inrolled towards the 
the E. iw p. 181, (7) p- 20), a feature which is specially obvious 
be inal sections (fig. 109 D); illumination of the fans from 
D ses disappearance of the inrolling, which may even set in in 
Ge direction ((7) p. 258). The lower layer of small peripheral 
ls (fg. 111 F) is generally cut off only at a considerable distance 
behind the apical meristem. In P. Sanctae Crucis ((9) p. 201), in fact, 
the two-layered condition persists throughout the plant, Both in 
"pnis and other species the middle layer of cells may later 
undergo further division parallel to the surface. 


The hairs commence to develop in the inrolled part near the apex 
(mp. 21) and, according to Carter ((13) p. 142), arise from cells dis- 
tinguished by their dense cytoplasm and large nuclei. These cells cut 
of the small hair-initial (fig. 109 J, hi) by an oblique wall, usually on 
their distal side; the initial then divides transversely to form the hair 
2 m K), which later develops a basal meristem. The group of hairs 
Ge Geer by the common cuticle (cu), which ruptures sooner or 

: er ((7) p. 265) deals with response of the thalli to various 
types of wounding, 

In general habit 
PRO () p. 24, (27) 
ES MD 

tige Ss segme 

SIN Kadina, th 
Sad}, alterna 
Which 


Taonia atomaria (Dictyota atomaria Grev. (1) 
l. 1, 47) p. 26) resembles a robust Dictyota, the 
nts having irregularly toothed margins (fig. 110 
ZE ere transverse zones of hairs forming zigzag 
may reach B s me two surfaces of the thallus. The fronds, 
i branchia gt of 30 cm., show repeated di- or poly- 
of E me plane They arise singly or in tufts from 
dig Wer cells ien S which are produced in large numbers 
[m à Ong Ge e 26) and spread out to forma false attaching 
Se thizoids, nson ((so) p. 114) new fronds can develop 


™izoid 


In 
Alter s 
()) uses the terms x 
Pper and lower in the opposite sense to Reinke. 
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The young frond possesses a single apical cell, 5 / 
gives place to a marginal meristem occupyin N ut this tapi A 
front edge; its cells, as in Padina and 25163 S almost ur } 
angles to the surface. Branching is due to Ces a Wides di hi 
of the initials. According to Reinke the marginal te of divisi in p I 
the segmentation of special wedge-shaped initials Ge are formed p 
is six-layered, the superficial cells being rather la © mature thallu 
genera previously considered ((23) p. 274). The Dë than in the 
branches probably arise from surface-cells. ‘onal adventitioy 

Closely related to the two genera just considered is 
p. 120, (28), (s2)). The branched, usually erect frond 
show transverse zones of hairs (4), which are general] 
on one surface than on the other. The method of at 
Taonia, the basal weft of thizoids often attaining Considerable thi 
ness and in diverse species forming a kind of pseudo-parench i thick. 
stalk supporting the rest of the plant (68) p. 241, (52) p. 6 po 
flava (Clem.) Ag. ((s2) P. 70) new fronds can develop Ke 
rhizoids. Zonaria and Taonia thus do not possess the thizom D 
attachment-system found in Dictyota and Padina. u 

A more aberrant form is constituted by Zonaria variegata Lamour 
((9) p. 197, (11) p. 91, (49), (52) p. 73), the young thallus of which is in 
completely prostrate, forming an expanse, 1-10 cm. wide, resembling 
an Aglaozonia and attached by numerous rhizoids. A number of 
thalli commonly grow over one another and become fused. The older 
thalli are erect and it appears that growth may be erect from the 
first.? 

The growth and branching of the Zonaria-thallus (fig. 110 H) takes 
place in the same way as in Taonia. The segments (fig. 110 D, s) of 
the diverse initials (7) ((28) p. 242, (49) p. 87) divide into superficial and 
central cells (c); the latter give rise to a number of layers, while the 
former divide by vertical walls so that the cells composing the thallus 
lie in regular vertical rows. In Z. Farlowii the surface-cells along the 
median line of the thallus produce adventitious branches (fig. SE 
b) which develop rhizoids at their base and readily become detache 
(G8) p. 251). Z. flava is stated to show iridescence ((o) p: 238) i 

Padina, Taonia, and Zonaria show many points of similarity a 
no doubt constitute a closely allied group. A more RES 
furnished by Dictyopteris (Halyseris (4) p. 42): D. te cata 
(Stackh.) Batt. (D. polypodioides Lamour. (7) pl. 19), arate ^ 
ed to distingo ed 


Zonaria ( 
s (fig. 119 A B) 
y more abundant 
tachment is aş i 


! Several species of Zonaria have been referr 5 
podium, Gymnosurus (4) p. 9), but these scarcely appear We | 

. 72; cf. however (63a) p. 177). : (47) p: 3^ 
is Sauvageau ((s2) p. 50 HE that the Z. parvula of Sr i ccording ` 
which is entirely prostrate, may be a young stage of Z. Men on the det 
to Richards ((49) p. 88) the strongly marked concentric in dis investiga 
this species are due to projecting flaps of tissue; but n 
refers to this. 
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fig 
al SE D, F, H, Zonaria Farlowii Setch. & Gardn.; A, habit of male 


is; F Ge plant; D, median longitudinal section through apex of 
» WEL part of an older frond, showing adventitious branching; 


» edge f B 
(Stackh,) Ba thallus in surface-view. C, E, J, Dictyopteris membranacea 
e 


'1ypo- ] e uy stage in development; E, longitudinal section of 
(3), maria (Won allus in surface view. G, D. delicatula Lamour. I, Taonia 
hee (Woodw,) 9 , 


6 Cortex: h, Ag. part of a thallus. a, antheridial sori; b, adventitious 


D 
Si EE hairs or zones of hairs; i, initial cells; m, medulla; 
, vi } Ga DO, zones ae P, protonemal threads; pe, surface cell; r, rhizoids; 
to H Boergesen« the nenn, t, young frond. (C, E, I, J after Reinke; 
3 St after Haupt.) 
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perennial on British shores, is widely distri 

the earth, but the chief centre of s mis Over the o 
habit (fig. x10 G) is that of a small and ens i Warmer = u 
semblance emphasised by the midrib traversin Ges leate Bue, he 
the stalk of older plants is formed by the pers 8 the thallus-se Te 


of the thallus is covered by a dense felt of hee pd, Thea’ H 
the preceding genera, a number of plants usuall ach e r 
are scattered over the whole surface; Beer Tufts of hain 5 
of D. delicatula indicates that they are formed ; S figure (t) p. am Ge 
Padina. in the same Way ag i 3 
The apical initials ((40) p. 347, (46) p. j 
shape as in Padina (fig. 110 » Bo Hd do have the same n 
which are longer and filled with denser cytoplasm ec Ones (i) d 
rise to the midrib; they often occupy a slight dee the rest, give In 
particular initials exhibit abundant division, but the pe These un 
on either side gradually diminishes towards the nami a Of those pe 
(442) p. 180) is perhaps justified in regarding the median it mann w 
true meristem. The dichotomous branching commences PUR an at 
plication of these cells, which is followed by the differentiati a E 
separate groups. Adventitious branches (cf. also (1) p. 156) ma n 


in four longitudinal rows from single surface-cells situa 
edges of the midrib. As in Zonaria, they develop rhizoids at their bas | 
and no doubt serve for vegetative propagation, which is also Ge 
(& p. 43) to take place readily from Pieces of the thallus. ` 

The wings consist of two layers at the margins and of 4-6 layers 
near the midrib. The latter shows some differentiation ((37), (47) p. 37) 
into elongate medullary (fig. 110 E, m) and more or less isodiametric the 
cortical cells (c). The midrib increases in thickness by tangential 
division of the surface-layer (fig. 110 E) and, as the wings wear away 


ted along the the 


in the older parts, the exposed edges of the midrib become covered ^ 
with a similar meristematic layer. In certain species (D. delicatula ob 
((9 p. 216) a special group of small elongate cells, with oblique end- f w 
walls and thick cellulose membranes traversed by pit-canals, are u 
found within the margins of the wings. (i 

The remaining genera have not been so fully studied. In Spato- fa 
glossum ((3) p. 111, (4) p. 35) the broad thallus-segments are branched p spo 
a pinnate or subpalmate manner as a result of unequal REDE, ii 
the dichotomies; growth is by means of a marginal meristem. The Spo 
monotypic Lobospira (4) p. 96, (s) p. 363, Gei pl. 34) shows Wert Int 
pinnate branching in a single plane. The older axes, as a result of En d 
in thickness, gradually become cylindrical, while the nume So in 
flattened, and not uncommonly incurved, laterals become he other ka 
diverse directions owing to twisting of the axes. For ge 0 5 


genera distinguished by Agardh, see (4) and (38) p. I 
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L REPRODUCTIVE ORGANS 


5 ASEXUA 
“eo À THE iled tetrasporangia, constitute one of the charac- 
S he , de ae Dictyotales. They are nearly always found on 
I D. al individuals, although Holden (30) has recorded them 
j [i xual 1 


ayers 
37) 
retric 
ential 
away 
yered 
atula 
end- 
, are 


pato- 
edin 
nt of 
The 
nced 
owth 
short 
ed in 
other 


at? and female plants of SEN (cf. SS (14) p. 55). The 

ale elves display considerable uniformity, but their 

gm BA ^ nent in the different genera affords features of taxo- 
se arran 


gia onse C). The small basal cell sometimes (Dictyopteris) 
frt (i nd transverse division. It is usually embedded in the 
undergoes à seco 
ripheral laye 
pecome elevate 
cumulation O 
markedly a 
Lo gi gene 
je sporan 
rare partially sunk. 
RR Stee of the sporangium ((13), (28) p. 248, (69)) 
the nucleus increases greatly in size, often becoming elliptical with 
thelong axis parallel to the surface of the thallus and, when this is so, 
ittvists through a right angle before division takes place. Centro- 
somes have usually been recorded. The first nuclear division, after 
the basal cell has been cut off, is meiotic (13,21,22,28,43,69), and is 
normally followed by only one further division. After this the cyto- 
psm undergoes cleavage about the four nuclei to form the naked 
Kirspores (cf. also (36)), which are usually arranged crosswise when 
viewed from above, although a tetrahedral grouping (fig. 108 G) is 
ee In some species of Zonaria (Z. flava (s2) p. 68; 
, SC 63) p. 248) there is a third division in the sporangium 
roi Ge in the formation of eight spores, which in Z. 
ec by delicate septa (fig. 111 C). The mature 
d of the A Loff before being set free through the gelatinised 
Spores secrete a E Soon after liberation the large motionless 
M à new plant: ; Nie membrane and can then develop directly 
Porangium (es) p Pe ia sometimes occurs within the 
n icty 7 D b b 3 
ces ap Sterne occur singly or in small groups on 
te tufts of hai onet fronds (fig. 108 G, sp) and show no relation to 
hi seg tS: In most of the other h their distri- 
Base, ected with that f genera, however, their dis 
they 28 4 are grou ai at of the hairs. Thus, in Dictyopteris the 
dévelop ın M around the tufts. In Padina pavonta ((47) p. 22) 
eral rows on either side of the zones of hairs (fig. 
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111 F) situated on the lower (sometimes also on tl 

surface of the fan. Since the hairs usually die duri S 
of the sori, the latter form characteristic doe 
bands upon the surface (fig. 109 B, sp). 
develops only along the anterior margin of each s 
p. 87), and this is the normal condition in P, ‚Sa, S 


where, moreover, a sorus is associated only w 


tes of e 


F À 7 
MA er 


Fig. 111. A-E, Zonaria Farlowii Setch. & Gardn.; A-C, successive stages in 
development of a sporangium, C practically mature; D, metaphase of hetero- 
type division; E, polar view of metaphase of third nuclear division in the 
sporangium. F, Padina pavonia (L.) Gaill., section through a sporangial 
sorus. c, central cells; cu, cuticle; h, hairs; pa, paraphysis; sp, sporangium: 
(F after Oltmanns;. the. rest after Haupt.) 


Another variation is seen in P. gymnospora, where the sori are situated 
between the bands of hairs. m tie 
The sori of Taonia ((47) p. 30, (62) p. 460, (63) p. 362) exhibe 
ally the same arrangement (fig. 110 I, sp). Both here and i. Sr 
scattered sporangia are also found, and this compares with the à A 
tion in Zonaria where the sori form clearly circumscribed er 
tween the bands of hairs when these are present (28,52); 10 Du of 
d they occur on the upper surface of the prostrate a ie 
CHEN Zonaria often show a centrifugal development and are il: Jular 
by the presence among the sporangia of colourless ‘hich give tt 

paraphyses of characteristic form (fig. 111 B, C, pa) W 
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en whitish appearance. In the little-known genus 
4 48) all the reproductive organs are borne on small 
(OP! which arise in large numbers from the upper 


bo SE d-shaped thalli. 


ev 


} = 
Taoma the ge 
dire this period t 


ite corre 5 ER ER 
go that à s zones is suggested ((so) p. 115). A similar periodicity in 
initiation © 


ment is likewise probable in Padina and other instances 
oral develop! here the sori arise successively from a marginal meristem. 
EM 245) a the other hand, there is no evidence of any such relation; 
NO, 556) in fact states that sporangia of all ages are to be 
heut the season on the thalli of all British Dictyotales. 
ir of the spores in Dictyota and Dictyopteris is strongly favoured 


by light (4) p- 332). 


THE SEXUAL REPRODUCTIVE ORGANS 


The oogonia and antheridia are usually borne on distinct individuals, 
though a few species (e.g. Padina pavonia) are monoecious (cf. also 
wi. 178). The sex organs are for the most part arranged in definite 
pojecting sori, although the oogonia of Spatoglossum and of Dictyo- 
peris membranacea are scattered singly or in small groups ((47) p. 42). 
InDictyota dichotoma ((47), (60) p. 53, (70)) both kinds of sori are distri- 
tuted over the greater part of the thallus, appearing elliptical when 
Wed from above and fan-shaped in sections (fig. 112 A, B). The 
oe surface-cells remain in close apposition and gradually lift 
ES (cu) which envelops the sorus until maturity; a small 
vi ET 2 at an early stage. Each oogonium produces a single 
eg jobs iberated through the gelatinised apex, dehiscence 
tesionally ak centrifugally ; there are 25-50 oogonia in a sorus. 

; Beha are functionless oogonia at the margin ((70) p. 185). 
the male (6) p p colour of the female sori contrasts with that of 
e the thalli, Th 79 p. 187) which appear as white glistening spots 


Aach stage CR future male sori ((47) p. 10) betome recognisable 
Alte pro y the disintegration of the chromatophores in an 
Sat 


He celles H Surface ce] 
them the „Ne Margin of t 
Si $ ; pratophores 

‚112 : 
Tows of inv A an 
S at 


ls which grow out to form the antheridia. 
he group elongate like the others, but in 
Persist and retain their pigment. These 
undivided and constitute three or more 


oluer. 
the edge of the sorus; they are usually 
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oogonial and le 


5 ; ee GÀ 
Fig. 112. A-E, G, H, Dictyota dichotoma (Huds.) Lamour.; aiment 0 hy 
ucc eu S f tozoids; D, I" m ol 
B, antheridial sorus in vertical section; C, sperma 1 GE , polar vie (À, 
oogonium before cutting off of the stalk-cell; E, fertilis ty ditto during te 


5 5 Do 5 mes; 44 
of nucleus during first division in zygote, 32 chromosome?» 
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ntheridia. The actual male organs (a) first seg- 
as st Ba perpendicular to the long axis of the thallus 
in ya ical followed by further vertical walls in other planes, 
t ); this e is also extensive horizontal septation. In the 
EN, On colourless, antheridium 32-64 compartments 
B. P ^ licate septa are ere in the NES 20-24 
mH rd 2 nal section. There are 100-200 antheridia in a 
ee Jongitudina 
n the 


S about 1500 sperms. 


terile a 


ners I rm: . . 
E: and each TEM the sex organs of Padina pavonia (62), (47) p. 24) 
pike the spor lation to the hairs which are shed during their de- 


se produced ji monia (fig. 112 L, o) form double concentric zones 
degt eof the bands of hairs on the lower surface. The basal cell 
te transversely and the upper half may give rise to a 
u fter the first has dehisced ((47) p. 25). The zones 
scond 00 interrupted at variable intervals by radial rows of 
L, M, a), the differentiation of which commences 
Fas middle of each row and advances centrifugally towards apex 

om llus. The mature antheridia show. about 32 


e imperfect! ) : 
ae EE rows which are scattered over the thallus, while the- 


nilf-white male sori (st, 62) are situated on either side of and between 
thezones of hairs. In section they resemble those of Dictyota, although 
theantheridia do not all ripen simultaneously; the sori usually exhibit 
serile marginal cells with yellowish chromatophores. 

In Zonaria the sex organs are independent of the hairs and the sori 
lack the paraphyses found in the asexual ones. In Z. flava ((sz) p. 68) 
they form continuous or interrupted zigzags, while those of Z. Farlowit 
(8) constitute irregular areas between the bands of hairs (fig. 110 A, B), 
| the white male sori (a) in both species being larger than the female (o). 
| Inthe latter only some of the cells grow out into oogonia (fig. 112 N), 

while in the male sori all the surface-cells produce antheridia and 
Es cells are usually absent, although occasionally found in 
fava and Z. lobata ((s2) pp. 69, 72). In the mature antheridium of 


Z Ferlowii there a = 1 ; : 3 
Ge LK) re 20-40 tiers of cells, with 8 or 16 cells in each tier 


ux Scattered male sori o 
Ü 


f Dictyopteris ((37) p. 466) are of very diverse 


1 Sntaining between 3 and roo antheridia. | 
3 j 
Gr, cR = = 
Huet GN mother-cell, 16 chromosomes. F, I-K, N, Zonaria 
sind section ofan mum Be section of part of male sorus; I, part of a longi- 
A La female sorus En? J, K, transverse sections of same; N, section 
land hi’ Showing Wine M, Padina pavonia (L.) Gaill., surface view of 
yt of thu inM, a bc ‚oogonial and longitudinal antheridial sori, on a 
iew (AB 5 0gonium: eridium; c, chromatophore; cu, cuticle; g, refractive 
ing Wet ÿ Pt, pit; s, spermatozoid; st, sterile antheridium. 


est uret; C- 
tr Haupe 5 G, H after Lloyd Williams; L, M after Reinke; the 
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The discharge of eggs and sperms take : 

time of daybreak. Both the septa and the walle E at about 
are dissolved (&8) p. 246, (s1), (sz) p. 69) so that th € Tipe antheric 
male cells lie in a mass of mucilage occupyin m numer in la 
the involucral cells, when these are present : A Space bounded d" 
cells, formed singly from each compart ^ this Stage the 


ment 
Williams (65,66) first showed. that they possess, Around 
Ella, althoy 


Thuret ((59) p. 11) seems to have recognised somethi 

According to the former, swarming of the Sperms Ing of the kind 
Taonia depends on exposure to a sufficiently bright ls ictyota and 
realisation of a certain temperature. The pear-sha aie t and on the 
(70) p. 190) have a large posterior nucleus and E _Detmatozoid 
at the anterior end, while the single long, murum Situated 
flagellum arises near the eye-spot (fig. 112 C); there ly directed, 
suspect the presence of a second, very short, b IS reason to 


flagellum, although this has not so far been deno ETE 
who observed fertilisation ((70) p. 191), states that freshly UU 
e 


ova exert a great attraction on the sperms (fie. ; 
the eggs are not fertilised within 4 5 3 of ZS Ke if 
vested by a membrane and germinate parthenogenetically The. i 
nucleolus can be recognised within the fusion-nucleus after fertilise 
tion; the single centrosome later divides into two. Si 


In British waters Dictyota dichotoma shows a regular fortnightly pro- 
duction of sexual sori from July onwards, corresponding to the interval 
between two spring tides (67,71). The sori are initiated during a period 
of neap tides, and liberation of the sexual cells takes place at a variable 
number of tides after the highest spring tide (3-5 in the Menai Straits; 
7-12 at Plymouth). At this time the rudiments of thé next crop of sori 
begin to appear. A similar rhythm is observed in plants kept in the 
laboratory, and according to Hoyt (34) it is also shown by the new thallus- 
branches that arise in cultures and have never been exposed to the \ 
influence of the tides. The same rhythm is, moreover, maintained when | 
the light-conditions are experimentally reversed or when the tides are 
modified by wind. Williams ((71) p. 548) concludes that the periodicity i 
in question is hereditary, but that on British shores the time of develop- 
ment of the sexual sori is regulated by the greater illumination available 
during the low water of spring tides. There is some evidence that a 
similar periodical production of oogonia takes place in Dictyopteris (m) 
P. 553), but other Dictyotales do not appear to exhibit this rhythm. 
Comparison should be made with similar features in Nemoderma (p.124 
and Fucales (p. 377). : 

The behaviour of Dictyota has also been investiga 
localities (32,34,42). A similar, though less marked, fortnig ccurs at i 
tion of sexual sori takes place at Naples, where D. T E 
some depth and the tidal differences are slight; here, as 1 the et in 
cultures, illumination can scarcely be a factor. On the um avid 

Jamaica, where the tides are irregular, periodicity 15 cas y 


ted in other 
htly produc 
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olina the successive crops of sexual sori are 


orth Car ing tides of full moon). 


2 y intervals (Spr 
mi 


in AY DEVELOPMENT OF THE THALLUS 

mal, HE p. f the tetraspores shows certain differences in the 
loyd a germination he first wall is stated to be perpendicular to the 
GO CN Eo incident light in Dictyota and Dictyopteris ((36) p. 215, 


direction © ier Reinke concluded, from the observation of spores 


140) Ae rangia of Dictyota, that it is the end of 
the iain, within Be irom the parent-thallus that becomes the 
a I spore nn plant. In Dictyota Urs, (47) p. 8) the upper segment 
"ted ape of Del cell of the embryo, while the lower produces a 
au becomes SCHO records diverse abnormalities. The segments of the 
cted dd, Jl divide into an inner and four outer cells, the latter dividing 
ams, pile, to form the surface-layer of the cylindrical embryo. Later 
reed WE multicellular rhizoids grow out from the superficial cells. 
h, if Paint of the embryo soon broadens to form the band-shaped 
> in- thallus, while its basal portion gives rise to more or less numerous 
al eral branches, some of which become prostrate and form the 
Si rhizome. ge 

Inmost Dictyotales, however, the germinating spores first produce 
pro- amulticellular oval body (sai p. 154, 47) P. 23), well seen in Padina 
val (fg. 109 E, G-I, n). One of the superficial cells of this nodule becomes 
riod protruded to form the apical cell of a cylindrical shoot (fig. 109 I, e) 
able which later flattens at its apex and slowly passes over into the adult 
aits; fan. Other cells of the nodule subsequently grow out in the same 
Ns manner (fig. 109 E), although some of the resulting shoots usually 
e remain arrested; other surface-cells give rise to rhizoids (r). In 
‘fp Taonia (87) p. 31, (so) p. 118) one of the cells formed by the first 
hen 4 ler division of the spore grows out into a rhizoid and the 
ES formation of the nodule takes place subsequently. One of its super- 
city ital cells, determined ((so) p. 118) by the direction of the incident 
or Bt enlarges to form an apical cell which, however, only cuts off a few 
= wae before dividing longitudinally to form a number of initials. 
(m ene cs z Dictyopteris ((47) p. 41, (48) p. 125), 
hm. at nto branched s of the nodule (fig. 110 C, n) sometimes grow 
24) Y thizoids ana uniseriate threads (p) attached to the substratum 

tema umbe FAURE by means of an apical cell; from this proto- 
LE OWever, the "HI ironds (7) arise as lateral outgrowths. More usually, 
a Mature plant We ee cell of the nodule develops direct into a 
> time (ef, also (19) Se fronds may remain one-layered for a long 
` 
i SE (vn p. 9; cf als 
for 308 fr 7? St. also (69) p. 155) records the development of 


: ent: SSD e à S 
ation of a den P Porangia in Dictyota and compares this with the 
itious branches. In Padina he describes (47) p. 24) 


. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGai 


318 DICTYOTALES 


the occasional liberation and germination t 
contents in individuals that do not produce Es 
(Go) p. 117) observed similar phenomena in 7 y te 
abnormal stages are encountered side by side 4 althou hin son 
Padina they show no differences in EN with tetraspor. 
exhibit greater powers of resistance and a ac but j ES 
tion than the tetraspores, while the resulti 306 
display more vigorous growth. ng pl 
The germination of zygotes and tetr 
the same way, although that of the for. 


the entire Spo 
tetraspores jp angi 


E KE 
apacity for a 
ants are bus ina. 
aspores appears 


to ta 
mer has not ofte ke 


place i 
n been in 


Studied, 
THE LIFE-CYCLE 


The full life-cycle has only been investi in Di 
(68-70), Padina pavonia aes and Zn Frs dichotona 
morphic alternation, indicated by the distribution AN (28). The iso. 
organs, is fully confirmed by the cytological data a RE eret 
demonstrated experimentally in Dictyota and E do been 
Hoyt (33) and Wolfe (72) used the faculty of tetraspores A SE 
germinate on oyster-shells placed in cultures of SE See 
plants respectively, the shells bearing the germlings b ul 
quently submerged in their natural habitats : all uon um Er 
species experimented with were removed. It was Ster d 
that, as a general rule, tetraspores give rise to sexual and z s S 
asexual plants (cf. also (s4) p. 270). Data were also Oben dl 
indicated a production of equal numbers of male and female plants 
suggesting segregation of the two sexes at the reduction divisions. 
Schreiber ((s4) p. 272), using methods similar to those employed for 
Laminaria (p. 248), definitely proved that in Dictyota two of the four 
spores of a sporangium develop into male and two into female plants. 
It can scarcely be doubted that this will be found to apply to Dictyo- 
tales generally and that all members of the order possess an isomorphic 
alternation with genotypic sex determination. Although the two 
generations often occur simultaneously, there is evidence of some 
seasonal succession ((47) p. 13, (s4) p. 266). 

Parthenogenesis does not appear to play an important rôle among 
Dictyotales (cf. (39) p. 185), although germination of unfertilised ova 
is not uncommon ((47) pp. 11, 26, (72) p. 86). Lloyd Williams (7) 
(79) p. 196, (71) p. 553) found that such ova exhibit irregularities ? 
nuclear division and that segmentation soon ceases; this 1s followed 
by the death of the germlings. | 

Many investigators comment on the great preponderance of Don 
over sexual plants and in some regions only tetrasporangia = is 
viduals have been found.! No adequate explanation of these tac 


D E 0 
at present forthcoming, but the repeatedly recorded ie 
P: 1 


) 
1 See (13) p. 139, (20) p. 364, (28) p. 244, (47) p: 33, (50) P: 114 * 
(53) p. 62, (69) p. 156. 
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ngium (p. 317)— presumably without the 


of a spora à i 
ents d the occasional greater vigour of such 


" n : 
i Bol reduction—an 
e 


| n : cere 
angial thee! " red with those formed by tetraspores, may indicate 
ins goo eas compa -  ofthe diploid phase without the i 

Se ml" Itiplication of the POSE CIDLERV EDs 
such er od cie one ((39) PP- 182, 184, (69) p. 156). Abundant vegetative 
re Ka y moreover, help in the rapid multiplication of the 

ti A 
mina. pa on. : 
; E p Pd generate, although Carter (13) only met with tetrasporic 


ët ther "e 
the 0 4 in British waters, he nevertheless found that 


n . 1a in 
ice in Ed ores in the normal manner with accompanying 
Idied, they fre shows that the foregoing explanations will not account 
reduction facts. Since it is hardly likely that all the haploid spores 
for all the d Ed to assume either that there is a microscopic 
loma erish, ion or perhaps more probably that the latter inhabits 
TA sexual E "In this connection it may be noted that, according to 
Ictive i Wiliams (62, the spores and zygotes of Dictyota germinate in 
been ner but the germlings remain small until the following June. 
gata, t 
e 
al THE AFFINITIES OF THE DICTYOTALES 
Ibse- Owing largely to the possession of tetraspores and of male cells, which 
CN were long thought to be motionless, the Dictyotales have often been 
a wiel as related to the Red Algae (G8) p. 169) and have indeed 
that occasionally been directly referred to that class. As a matter of 
ane historical interest it may be mentioned that both Thuret and Cohn 
lon regarded the oogonial sori as equivalent to the cystocarps of the . 
deg Rhodophyceae. There is, however, no sound basis for envisaging any 
E affinity with Red Algae. The pigmentation of the chromatophores, the 


metabolic products, the type of swarmer as exemplified by the 
spermatozoid, and the plurilocular nature of the antheridia all indi- 
atea close affinity with other Phaeophyceae. Even the tetrasporangia 
m doubt merely represent a specialisation of the unilocular sporangium, 
2 m this connection the frequent formation of eight spores in 
mana is significant. It should, moreover, be recalled that in diverse 


ong a (p. 118) and Tilopteridales (p. 153) the unilocular 
a dosi uce only few spores, which are then occasionally de- 
à n à d B pores Or liberated as motionless cells. ; 
SE d and Gen of the Dictyotales to other Brown Algae is 
Simple isomor d appear as a specialised line that originated from 
cual Normal type e orms and has departed ‘rather widely from the 
idi- Tales, a view Mae penu ((2) p. 80) supports an affinity with Cutle- 
sis "structure Ge » largely based on the close resemblance in habit 
of Mages, Particul Ween Zonaria variegata (p. 308) and the Aglaozonia- 
D bi ar stress is laid on Aglaozonia canariensis ((8), (11) p. 77» 


SG 1, (52) ` ` " 
‘age is boss ` 79), for which at present no corresponding Cutleria- 
` “tere the pyriform sporangia in the small and scat- 


» 
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tered sori are not in lateral contact and 
which produces them so that there is co 
the sori of Zonaria variegata. 


are not cut off 
: fro 
nsiderable r Mithe 
esemblan cell 
Ce With 


THE GENUS DICTYOTOPSIS (61) 


It is difficult to assign a position to this remarkable Th 
various respects recalls one of the simpler Jungermanni genus which ; H 
ne : : anniales In No 

The cells, however, possess brown-coloured chrom Metzgerig n 
starch and include probable fucosan-vesicles Th SE devoiq of 1 
is one-layered and devoid of a midrib; it shows dich See (fig. 113 A) P 
with one fork usually growing more Strongly than E Dranchin h 
recurved margins bear multicellular, little- „aer, While t | 
ittle-branched rhizoids (r). Mi r 

{i 

1 

A 

n 

p 

GE 

Ac 

gén 

No 

1$ 

No 

Lo 

Ih 

Ba 

die 

Ho 

/ [7 

Fig. 113. Dictyotopsis propagulifera Troll (after Troll). A, part of thallus M 
from below, the margin occupied by rhizoids (r) and the stalks (st) of propa- $83 
gules; B, the same enlarged, with mature propagules (g); C, apex enlarged W 
showing segmentation, 1-6 successive segments. a, apical cells; g, propagules; Ih 
r, rhizoids; s, segment; st, stalks of shed propagules. $ 
(ef. 

large apical cell (fig. 113 C, a) is two-sided. The only method of repro- No 
duction so far observed is by ovoid, one-layered propagules borne on and 
two-celled stalks along the margins of the thalli (fig. 113 B, g). After A 
cutting off a certain number of segments the apical cell of the propagule ihe 
remains dormant until detachment has occurred; the propagules are 18) 
thus arrested laterals. ` din Ki 
The alga is a member of the Eastern Mangrove-commun t m d 
part inhabits mud that is inundated only at the time of spring tic um a 
lower levels it constitutes a thick covering on the projecting ICA LI 
roots of Sonneratia, ; C) are Se 
The type of apical cell and its mode of segmentation (ie Lieseck Al 
unique among Brown Algae. The abundant formation © "B no other S 
recalls Sphacelaria, with which, however, there 1s pee become $ 
resemblance, and, until other types of Tepaod EE (o9) 


known, the systematic position must remain quite 
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MI 
the 
Order IX. FUCALES 4 
The numerous seaweeds belonging to this order are, like the ah Wa 
nariales, diploid and characterised by marked morphologie p 
ferentiation and anatomical complexity, but in many respe an T 
orders diverge widely fromoneanother. No member of ma = E N 
the huge dimensions reached by some Laminariales. jte i 


discoid holdfasts (figs. x14, 120) are very distinctive, while à (fg LV 
typical Fucales exhibit apical growth by means pious 
"eb Apart from the cop D) 
126, 127) of characteristic shape (p. 349): p Jely by vegett" 
sexual reproduction, multiplication 1s effected so SE (fe ail 
means. The sex organs are located within the concep 4 orders 
which constitute one of the chief characteristics Se 
Reduction occurs during gametogenesis, 


l 
and no distinct bape 
i ion. The per? 
generation is organised so that there 1s no alternation 
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hromatophores, and centrosomes (fig. 3 
during nuclear division. 

ET in outward habit, the germlings developed 

+ diversity siderable uniformity and this, no less than 

y s show EM apical growth, conceptacles) speaks for a 
tive featur however, a number of aberrant forms 


d ere are . . 
jn. ileaceae) whose exact relation to the main 
u 


ymerous oval $ 
recognisable 


= be the Fucales are largely surf-loving 
habiting the littoral region where they often 


ben T rked zonation In 


Étude et" 82). Several genera (Halidrys, Cystoseira) ON 
fera W GE ublittoral region or In permanent poo's near low water 
rag B grin the D are only exposed occasionally during spring tides. 
ns parh, where a forms (Turbinaria, Sargassum) practically always 
dia, V Te VT tly submerged, while the bulk of the New Zealand 
KUR i Ce Ze below low tide level ((176) p. 497, (06)). 
M Era attain their greatest development in the colder seas. 
9, 1933, «of Fucus are abundant in North Temperate waters (see map 2, 
Tania, D and with them are associated Pelvetia, Ascophyllum, Himan- 
an ` K e Halidrys. The large genus Cystoseira is also largely confined 
68, | ithe Northern Hemisphere, though more abundantly represented 
` Na E ++ the warmer seas (Mediterranean, Indian and Pacific Oceans) ; some 
l ec? species are known from South Africa. The Fucales also show an 
Aen | extensive development in the Southern Hemisphere, and diverse 
4, 1904. distinctive genera are recorded from Australia and New Zealand 
m (Carpoglossum, Phyllospora, Scaberia, Cystophora, Marginariella, 
hell Sc, Stirococcus, Landsburgia, Myriodesma, Xiphophora, Notheia, Hormo- 
iia); the last three are endemic ((x3:) p. 307), whilst Landsburgia and 
Narginariella are confined to New Zealand. The wealth of Fucales in 
the Australasian region is in striking contrast to their paucity in South 
Africa, The Australasian region seems also to be one of the chief 
Lami- as for Sargassum, although the latter has representatives in all 
al dif- m A seas and is widely distributed in tropical waters (see map 2, 
he two 252). Turbinaria seems to have its main centre in the Eastern 


10 4 : 
attains m Pics, though a few species extend south to the Cape and Australia 


broad ears to China (Gs) p. 217). The remarkable Durvillea is 
all the lin Tee In distribution (New Zealand, Falkland Isles, Cape 
IL (figs N CE. Coccophora (C, see map 2, p. 252) is so far only 
copious apan (( : i to- 
Ue Phyllum are found, (174) p. 591), where too most species of Cysto 
19) 

rd 

aploid 

pheil à 
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EXTERNAL MORPHOLOGy 


(a) Fucus AND rts ALLIES (Fucace Az) 


'The many species of Fucus are essentially character: 
eristi 


Temperate and Arctic regions. The repeatedly forked E of Non 


thalli (fig. 114 A), narrowed below into a short stalk ; and shape f 


in the discoid attaching organ (d), ar T ermi 
Botany. The branching is x a md Sen ep 
one or other limb is commonly favoured. The x 
traversed by a prominent midrib (r) which thickens ; 
where it passes over into the stalk (s); the latter E ol 
composed of the midrib of the first-formed part of. h fact, largely 
wings of which have been worn away by wave-action TÉ thallus, the 
growing branch is occupied by a narrow groove extend eet of eve 
of flattening and filled with mucilage; at the base of nu" ep 
cell is situated. The wings usually bear irregularly per. er apical 
conceptacles or cryptoblasts (fig. 114 A, c), while at certain Sr po 
year the tips of the branches are more or less markedly SON ko 
harbour the large fertile conceptacles, within which the en ga 
are produced. In these fertile tracts or receptacles the midtb à 
lacking; their inflation is due to abundant production of mi : 
(G15) p. 190). 2 
The young plants (cf. also p. 347), which to begin with are neatly 

spherical (fig. 114 G) as in all EE 
p (fig. 114 G) Fucales, soon become cylindrical and 
then club-shaped as a result of broadening at the top (fig. 114 B); at 
this stage an apical depression appears, from which a number of hairs 
(A) arise. By degrees most of the embryo flattens, although the basal 
part remains cylindrical and constitutes the beginnings of the stalk. 
As forking sets in, the mature thallus-form is assumed. Adventitious 
laterals occasionally develop (fig. 114 B, a) from the stalk of the young 
plant (a78) p. 5). In F. dichotomus Sauv. ((28) p. 25), in which the 
fronds last for one year only, these laterals regenerate the plant in the 
next season. 


The British species are in general readily distinguished and CHER 
F. serratus ((89) pl. 47; fig. 114 C), with a serrate margin and an 
receptacles (f); F. vesiculosus ((80) pl. 204; fig. 114 D), with a SC 
margin, conspicuous and commonly paired air-bladders (v; uu. 
var. evesiculosus), and swollen receptacles (f); F. spir alis (F. P ri d air. 
Thur., fig. 114 A), smaller than either of the preceding, LORS have 
bladders, and with dilated irregularly swollen fertile tips On common 
a sterile border (b); and F. ceranoides L. ((80) pl. 27 1), especia N nalen 
in brackish water, with a delicate thallus, showing Ee e 
and bearing slender fusiform receptacles. Doft irregular sv three 
to internal accumulation of gases, are not uncommon E F. spirals 
species, especially in brackish water ((4) p. 328, (228) Psiculosu and © 
is hermaphrodite (similarly F. dichotomus 626); F. ve 
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h have Feng, A Fu ; 
; ug d 

mmon 7 Plant, er spiralis L, var, platycarpus (Thur.) Batt. B, F. vesiculosus L., 

otomy Cl L, apex of th, ees L.; C, part of thallus; G, embryo. D, F. vesi- 

s, due DUT) adus. E, supposed hybrid between F. spiralis and F. 


onde» » Celveti, p 

three i border s me naliculata (L.) Decsne & Thur. a, adventitious 
iralis Ol, > midrib: Ptacle; c, cryptoblasts; d, attaching disc; f, receptacle; 
pi mamng: G > $, stal B 


after Thant v, air-bladder. (A, E after Sauvageau; B after 
Bornet; the rest after Fritsch & Salisbury.) 
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serratus are dioeciqus, whilst F. ceranoides, 
63), is occasionally hermaphrodite ((160 tl ; 
F. ceranoides are generally found aa sl Hi es, V pau 
two species extend over a large part of the lite Imit, Whilst e and 
inhabiting more especially the lower levels oral re © Othe 
localities where there is a strong swirl feele e - Vest à 
At the limits of the zones occupied by the ded (169) p. 173, (a, y 
transitional forms are often found, but there ds TE Species a ny P 
view (254) that F. vesiculosus, F. spiralis, and F. A PPOrt for Stomp 
of a single species (cf. (156) p. 145, (228) p. 76). GC but variet 
((168) p. 8) and Rees (193) indicate that the North Feu of Nienbur 
Fucus do not in general live for more than 3 or uropean Species of 
more sheltered habitats (cf. also (215) P. 94); MED and that Only in 
(133), (138)). > BTOWth is rather slow (68) 
The designation of the species above d i TS | 
the subject of much debate (see (21) p. M P. sbiralis has been 
Sauvageau ((215) p. 73), who maintains the na P. 581, (as) p, 70). 
grounds that the F. spiralis of Linnaeus is i 
centrated attention on the two forms of this spec; i 
Thuret as F. platycarpus, which bears its ee Ed by 
and in which the sterile border is well marked (fig. 11 AUS Series 
rare jn Northern Europe and extends farther BORNE Je KZ 
p. 30) than the other; according to Rees ((194) p. 85) it otis. = 
sheltered situations. Sauvageau’s var. spiralis (incl. F yos 
Kjellm. (21) p. 475, (216) p. 295) is in general smaller and shows MT. 
bose grouping of the receptacles, which are often subglobose and have 
an ill-defined border; twisting or spirality of the fronds is not invariable, 
This occurs in exposed habitats. In this country, where it is regarded 
as the type, Thuret’s form is known as var. platycarpus (Thur.) Batt, 
Other widespread species of Fucus are: F. evanescens C. Ag. ((66)p.11, 
(157) p. 66, (299) p. 14) and F. inflatus L. ((21) p. 465, (60), (190) p. 209), 
both abundant in the North Temperate zone up to the Arctic, the 
former with broad leathery fronds in which the midrib fades in the 
ultimate segments; the North American F. edentatus De la Pyl. (6) 
p. 28), with regular dichotomous branching, no air-bladders, and | 
elongate receptacles; and F. axillaris J. Ag. (@28) p. 96), possibly only 
a form of F. vesiculosus (147), found on the coasts of Spain and Portugal 
and distinguished by the frequent presence of bladders at the points q 
forking of the fronds. The only Mediterranean species is the smal 
F. virsoides J. Ag., which is confined to the littoral region of the Adri 
(55), (232), (273) p. 11, (315) p. 184); Sauvageau ((215) p. 146, («9 P: 4 
regards it as a form of F. spiralis, probably introduced by shipping: 
Hesperophycus (6s) has the same habit as Fucus. 


am suited 
Compared with Fucus, Pelvetia appears as a specialised Tr wide 


to an extreme environment. P. canaliculata ((78), (275) P: Pa acters 
distributed in the North Atlantic, where it forms Me. shows 
girdle at the uppermost limit reached by spray. Im ring intert! 
adaptations to the prolonged exposure to desiccation u 
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considerable dimensions and dwarfing 


an 
, jt never cie the plants grow, the uppermost ones 
Quse ` Ji marked, cm. in height. The narrow segments of the 
ITE “tm ceeding ss (fig. 114 F) are channelled, as implied by 
other CH a forke de ring low water moisture is retained for some 
pu Let, c name; A whilst the somewhat edgewise position of 
s m Pr hin the E. degree of exposure to the midday sun. There 
x Ai | D id ER “ession harbouring the apical cell is readily seen. 
tompy! | P rib. The S. whilst the irregularly swollen receptacles 
arietie H Le are n0 © der fertile plants very conspicuous. The thallus is 
Se , pm DE be occupied by an ascomycetous fungus (Myco- 
invari 

only h j qute la Peletiae (252). 
W (8) Gë I Ag) De Toni (1ss), abundant in somewhat less ex- 

p fastigiata A North Pacific coasts, though larger, has essentially 
AS been reme WE The receptacles are not so sharply defined and there 
ES the E cryptoblasts. Another similar form found in the same 

H S 

Sen. } D i Pelvetiopsis (6s) p. 320). 

f 
SI diferent habit is seen in Ascophyllum nodosum ((142), (178) p. 29, 
rather : <2, (19 p. 42), abundant on somewhat protected shores where 
o), pat es together with Fucus vesiculosus in the upper part of the 
S more ioral region (fig. 117 B). The mature thallus (fig. 115 F) consists of 
chougi | jchotemousiy branched strap-shaped axes (a) bearing numerous 
corym: short laterals (la), which often arise in tufts from narrow marginal 
ear dis and are commonly subopposite in arrangement (fig. 115 D). 
Ge Arophyllum thus combines dichotomous and monopodial branching. 
Batt, The fronds may be 14 metres long; they are devoid of a midrib and 
)pu, | usually dilated at intervals by conspicuous vesicles (b) so that at 
. 209), ligh water the thallus spreads out near the surface. In adult plants 
ic, the E thetips of the upper laterals become swollen and constitute receptacles 
in the À (ig ug E, Fr). According to Tobler ((276) p. 575) the greater part 
L(& À of th : P par 
l. Es of the long shoots perishes at the end of each season, but this is 
Get: ud not so in all areas (cf. (141)). 
engl [as ane plants ((178) p. 30, (27s) Pl. XX) soon become elongate 
ints of Sick Dn little broadening above the basal stalk; the apex is 
small meno of hairs (fig. 127 C). In somewhat older germ- 
driatic m dM of laterals (bs) arise near the base, but these at first 
p: 24) Raa? whilst the main axis grows rapidly and soon forms 
me The basal He es of limited growth (fig. 115 C, la); at a later stage 

sul sequently = (bs) also lengthen, those originating close to the base 
suited taris jg p appearing to arise directly from the attaching disc. If 
videly Ger? place DE damaged near its base, one of the basal shoots 

Gett ) e 1 

SC a outgrowth © p Ed to the upper part of an older plant leads 
s “al tine à bushy hab: mber of the laterals into long shoots and 
rti Prince of this abit. There is altogether much diversity in the 


Seaweed, 
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Y 

D . D D i lant; 
Fig. 115. A, G, Seirococcus axillaris (Kütz.) Grev.; A, part of a fere d di 
G, diagrammatic longitudinal section through apex, a-f oO ütz.) Sd 
“growths, 1-7 successive growing points. B, Axillaria RU We Ion 


Gruber, part of a fertile plant. C-F, Ascophyllum nodosum position D 
C, habit of a young plant; D, small part of a mature p 
of laterals; E, the same, with fertile laterals; F, part of an 
axis; b, air-bladder; bs, basal shoot; d, attaching disc; 2, 
subtending /a, lateral branches; 7, receptacie. (C-E after 
Taylor; the rest after Gruber.) 


apex; l, 0 
Oltmann 
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o Fucus is shown by the Australasian Xipho- 
18, (79) p. 176, (81) p. 215, (82) pl. 53,1 (83), (132) 

are the flat ribless thallus appears monopodially 
, wher h the ultimate fertile parts are dichotomous. 
dE Axillaria constricta (Carpoglossum con- 


ance t 
or res e 
great 202, (16), (74 p: 


yid genera. 1ologous with the notches of Axillaria, 

i hare probably homolog 

df e We 
of dee axillaris Kütz. (74) p. 11, (178) p. 62). The flat 

Ian, 45 


me 115 A) here bear large leafy outgrowths (l) arising in two 
fonds (fig. e The apex (g) is occupied by a rounded depression 
ur ihe rudiments of these laterals (fig. 115 G, d-f) and with 
covered E i the apical cell (1) at its base. The leafy laterals are 
B. grow by means of an apical cell, but are formed by the 
mm of groups of surface-cells (p. 353). Branches, repeating the 
wee of the main axis arise at rare intervals (fig. 115 A, la). The 
smiland crowded moniliform receptacles (7) for the most part occupy 
the adaxial margins of the laterals; they are simple or branched and 
ach swelling harbours a single conceptacle, the male usually at the 
base, the female nearer the top ((251) p. 34). 
A number of genera resemble Serrococcus in the possession of leafy 
E literals and like it are no doubt derivatives of Fucus-like’ types. In 
Soytothalia dorycarpa (Turn.) Grev. ((74) p. 15,79) p. 456, (82) pl. 9) the 
prominent receptacles mainly occupy the margins of the axis between 
the “leaves”, This is also so in Cystosphaera ((247) p. 146), which is dis- 
EE dichotomous branching and the possession of axillary 
inca amori is a characteristic sublittoral Antarctic species 
a a 4 za ar stalked air-bladders occur in Marginariella (Margi- 
ile shape os (81) p. 213, (130) p. 312, (271)) and, like the crowded 
Wale GE arise from the edges of the thallus-branches. 
Heras, borne on P: 252, (74) p. 15, (81) p. 214) the numerous toothed 


sally s the flattened leathery axes (fig. 116 A, D. are narrowed 
Yso that there is ag 


Smaller Téceptacu] reater resemblance to foliar organs. The 
feat Nided with a lar H branches (r) arising between them are often pro- 
(en dan apical &e basal air-bladder (v). The laterals are again devoid 
a out: ( al cel] and dev l o S 
Küz) A in e largest A “velop Without order. P. comosa ((82) pl. 153) is 
Joli ye level, à Bellen Fucoids growing in exposed situations near. 
SCH VIN Which ine aberrant form is the Australian Scaberia ((82) 
is | ring the ¢ aterals are verrucose pseudo-peltate structures 
owt Y large | Onceptacles į bis LE : 
` after Bobular air-bladd n their dilated ends and in part replaced 


ers covered with warts. 
1 
As Fucodium gladiatum Ag. 


-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and e 


339 FUCALES 


The genera grouped as Fucaceae a 
flattening of the greater part of the t 
often present in older plants. The Je 
with its essentially dichotomous brar 
line with it. In Ascophyllum and its 
there is a progressive replacement 


ll exhibit 

mor 
hallus, althou ae 
ast specialised me bei 
nchin g; Pelvetia readily i 
allies (Axillar Zu 


ak 
A in 
of dichotom 


1a, Seirocge 
ous by mon 


Fig ur 
Man, p 
of Laur 
nodosum 


Knight: 


Fig. 116. A, B, Phyllospora comosa (Labill.) Ag.; A, part of a fertile pun 
B, attachment organ. C, D, Himanthalia lorea (L.) Lyngb.; C, ein. Is conc 
D, older plant. a, apical depression; d, attaching disc; J, lateral; ESN d MS 
s, stalk; v, air-bladder. (A, B after Harvey from Engler-Prantl;'C, 


Oltmanns.) cu 

, bm 
branching, combined with the differentiation of more or less E fe u 
marked fertile laterals. The affinity between the diyem he structure Qu 
the Ascophyllum-alliance is evident from a com pa SEn a ment (| p d 
of the growing apices and the details of branch- des hr invest D of 


Fucaceae 
P- 353). Moreover, the mature plants of all À 
gated possess a four-sided apical cell, which is met wit 
representatives of the order. 


h in no othe À mie 
and is 
td 
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(p) THE GENUS HIMANTHALIA 
ed (Go), (178) P- 66, (210) D 13, (275) p. 48, (291)) is 


e : 
aw tide level on moderately exposed shores, often 


ls Ba ; jun ant D steep cliff-faces (fig. 117 À). The thallus is sharply 
falls ing ing sto to sterile and fertile portions. The former is repre- 
CUS, ete Beet fs d Peziza-like structure (fig. 116 D), which may reach 
Dopod. ed P asta veral centimetres. The stalk (s), attached by the custo- 
“amete Be een kand 2 cm. in length, is somewhat flexible, 

I 


«meter 

M sc (d) and betw 
disc ; 

Se can yiel 


dto wave-action. The upper surface of the cup 


Q 


£o 


Zu A, Himanthalia lorea Lyngb., The Ledges, Port St Mary, Isle of 
a plants in various stages of development, the youngest at a; at / plants 
wencia hybrida Lenorm. B, Fucus vesiculosus L. above and Ascophyllum 


rodosum (L.) Le Jol. bel ` 
Gig? Ge SE coast of the Faeroes. (A, photo: Margery 


le plant; 
ung and 
eptacle; 
D after 


ls Concave, and in re 
marks the position o 
be distinguished, D 
(rely 2) long, 


latively young stages a central dot (fig. 116 C, a) 
f the apical pit; in older plants 2-4 such pits can 
uring the second or third year of its life from 1- 


clearly $15 A band-shaped, dichotomously branched receptacles 
pers of BOW out See Conceptacles throughout most of their length, 
nen tells the Whole of concave surface and, after liberation of the sexual 
nt (cl 


Lu ant usually dies away (G5:) p. 532; cf. however (70) 


investi the recent 
ae fa Metres. à acs though only 1-2 cm. broad, can reach a length 
mue À sma Sr slit is here orientated at right angles to the 
y Ed 91) Sal part, rather narrower than the rest, is sterile 
E 


P: 497) to be especially flexible. Th = 
Ti ecia ex1Dile. e young re 
e negatively een 7 y 5 
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Young stages of Himanthalia (78) D. 68) are 
C) and much like those of Fucus; occasio 
retain this form permanently ((70) BO), Mog: 
become concave at the top, whilst the lower part Er roaden 
stalk. The receptacles represent one fork of a ii lilérentiates a EM 
limb of which remains arrested. E ichotomy, t 

This rather isolated type appears to be most nearly alli 
The vegetative part of the plant somewhat resemble allied to Ficu 
of the latter, though modified in shape and with basa Young Stage 
until the time of production of the receptacles. On ee Suppressed 
in the restricted development of the primary axis, € other hand 


. g there i i 
semblance to Cystoseira and other specialised forms IS some res 


Pear-sha ed 


(c) HALIDRYS, CYSTOSEIRA, AND THEIR ALLIES (CysTosrmace ) 
EIRACEAE 


The series of genera now to be considered are fo 

podially branched and, since branching is usualy co aa 
present a bushy habit (fig. 120 A). Few, if any, appear S m m ten | 
withstand much desiccation, and they are found either in deep KS 
pools or in the sublittoral region. They are best represented in Warme 
seas. In certain genera the bulk of the branching takes place in one 
plane so that the thallus, as in Fucaceae, is bilaterally organised, and, 
since these are probably the more primitive types, they may be 
described first. 

In Halidrys siliquosa ((80) pl. 66, (178) p. 44) the numerous, usually 
slightly flattened, branches are for the most part disposed in one plane 
and arise alternately from the margins of their respective parent axes 
(fig. 118 D). Most of the lower laterals develop into long shoots, some 
of which may reach the same length as the main axis. At higher levels 
the few long branchts are scattered quite irregularly among the many 
short ones, some of which appear as mere teeth (2-3 mm. Jong). 
Certain laterals develop into characteristic, chambered and mucronate 
air-bladders (fig. 118 D, b) resembling a septate siliqua, while SE 
of the upper ones differentiate into stalked receptacles (r) which A 
often grouped in a racemose manner. According to Reinke (97) Ka i 
many of the short branches are shed at the end of the ioe 
dioica ((49), (6s) p. 323) flattening of the thallus is more Ma” 

Bifurcaria (Pycnophycus) tuberculata (to) p. 112, ae Europe 19 
89, (19), (273) p. 50), frequent on the At 
Africa, is exceptional among Fucales in p 
perennial rhizome attached to the substratum bys 
(fig. 118 A, rh). A similar rhizome is found in the lata (fig. 1 
sisymbrioides Kütz. (Go p. 355). That of B. D s ularly swollen 
is a gnarled structure with RUOTE, Wer irreg 
branches, many of which remain arrested, d 
depression (a) very clearly. Other branches (e) bend up 
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(89) pl 
pe an 
nched, tent 

wë «T = ] A s 
e discs gi Bifurcaria tuberculata Stackh.; A, habit of a fertile plant; 
can D: siliquosa Pal section of apex; C, part of rhizome enlarged. D, E, Halidrys 
118 €) tudinal section pases D, habit of a fertile plant; E, diagrammatic longi- 
wollen tell; p. air-blad 2 branching apex, I-4 the successive apical cells. a, apical 
apical BC after Guth. SEET shoots; r, receptacle; rh, rhizome. (A after Rees; 
ve rise i j D after Newton; E after Oltmanns.) 
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to forked, terete shoots which grow to au 
(fig. 118 A) and die down in the late autumn: SE, of o4 
the points of- branching and where the RU onstrictions Ki, 
rhizome. Despite the apparent forking the ma arise from d 
to Gruber, actually monopodial and bilateral, Ching is, accord Bo 
The rhizome is probably a lateral outgrowth fro i: 

young plant, which is no doubt erect and radial n the axis oft 
The tuberculate receptacles (fig. 118 A, 7), which a Other Fy 
at low water, arise at the tips of the upright shoots themes 

D ne es bear. 


ing them sometimes developing air-bladders. 


The South African B. laevigata Kütz., which has a disco: 
and differs in other respects ((191) D. 108, Gos), has IScoid koldfast 
referred to a distinct genus, Bifurcariopsis (605) p. vo 1) Fecently been, 

Brief mention may be made of certain distinctive Australa » 1 
Carpoglossum, in the restricted sense adopted by Gruber (Gg Bener, 
comprises only C. confluens ((82) pl. 159; fig. 119 À), which is A P. 23)! 
specialised than Halidrys. The mode of branching of the broad tia S 
fronds is similar, but no special receptacles are differentiated he 
ceptacles merely occupying the ultimate laterals (7). aa 

Greater differentiation is evident in Platythalia ((74) p. 24). In p 
quercifolia (fig. x19 D; Carpoglossum quercifolium J. Ag. (82) pl. 43) the 
laterals of limited growth are foliar with serrate or almost pinnate 
margins and a narrowed base; some are sterile, others harbour the 
fertile conceptacles. The branching is bilateral, but by twisting of the 
axis the laterals assume a somewhat radial disposition. ‚In the otherwise 
similar Platylobium Mertensii Kütz.? ((74) P 24, (178) p. 50, (197) p. 361) 
special fertile shoots with marginal conceptacles arise from the edges of 
the leafy laterals, while large- spherical air-bladdérs sometimes replace 
the receptacles or even an entire lateral. Ÿ 


In other Cystoseiraceae most of the branches are laid down radially 
from the first. This is so in Cystoserra, several species of which occur 
in Britain near and below low-tide level, where they often form con- 
spicuous submarine bushes, generally densely occupied by epiphytes. 


The genus is, however, more characteristic of warmer temperate ant Ft, 
tropical seas ((s8) p. 265, (233), (234) p. 82, (281) p. 135); is m jn 
form a prominent belt below low-water mark in many pu She Mer Ge 
Mediterranean ((s4) p. 210, (227), (273) p. 11, (315) p. 186). E Gs, 
C. osmundacea (Menz.) Ag. ((6s) p. 333, (213) p. 709) may 2 reaches gaan 
length of 6 metres, whilst C. canariensis Sauv. ne ee | i 
a height of only 14 cm. Several species show a striking À iua 
: « rillaria (p. 329) and 
! Carpoglossum constrictum is the type of Sube on 128) are ae 
whilst C. quercifolium J. Ag. and C. angustifolium J. Ag. Miz tn ar 
referred by him to Sonder's genus Platythalia. \ by some authorities ca then 
* This species is referred to Cystophora (p. 3397 A Leguminous P nus, d “granul, 
p. 138). Schmidt ((235) p. 229) points out that there | t, 


Platylobium and proposes the name IPHONE 
3? See (48), (178) p. 51, (197) p. 358, (225), (227), (280). e 
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146), and the majority favour well-illuminated 
(3) (5) p. although C- Montagnei J. Ag. penetrates to 


5 um He (os $5 A the Mediterranean. E of Cystoseira are 
Cur af | Bo 5° ER d by a pyrenomycetous tungus 22): ; 
om the | ths © y attac e distinct main axis (fig. 120 À, C, m), but this 
pri ke, all appreciable height; it is rounded or angular in 

A |) 0 


> Of the 
Y Ucales, 
SEN 
3 bear. 


Toldfast 
y ‚been, 


genera, 
P. 23), 
rly less 
longate 
Ye con. 


In P. 
43) the 
innate 
ur the 

of the 
lerwise 


adially 
occur 
1 con- 
hytes. 
te and 
pecies 
f the 
Pacific 
y toa 
saches 
cence 


Fig, 
Pa ape Carboglossum confluens (R. Br.) Kütz.; A, part of a fertile 
‘growing pens C, D, Platythalia quercifolia (R. Br.) Sond.; C, apex 


ler Gruber.) part of a plant. a, apical depression; 7, receptacle. 


Cross-section 
Ree, and o BER 
ii, Tn à 3 ached by a basal disc (2) which is often somewhat 


| SProstrate, whils pees (e.g. C. Abies-marina C. Ag.) the main axis 
d Boy 


): t E 
i | E détichous ns a osa C. Ag. it is elongate and flattened and 
x. VO isposed = x As a general rule, however, the primary 
Ha p à d 
ginis ran axis, which 5 spiral and grow to a much greater length 


| iin Ala (ofi 6 = may be altogether hidden among them (e.g. 
E, rotanit 5 S height is given as 1-2 cm. in C. amentacea, 
vamfolia (fig. 121 C), 10-30 cm. in C. crinita, and 


0 In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGa 


336 FUCALES 
y: Y ( 
Ju E 
E WE ea 
ee gie! 
Ny gue 
\ pa L Got 
(lire? E 
SZ E 
140^ p qot? 


jue! 
Ip t 
diferen 
allt 
oral 
are tere 
are CON 
(ul 
frequen 
AC 
cape ( 
axis It 
approx 
the bra 
striking 
fist ort 
SERT 
„species, 
- ("tofuli 
their de 
bases a 
rémaini 
into bra 
branch 
Stuy.) 
the ma 
tubercle 
au.) 
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and sea 
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; . Ag; A D 
Fig. 120. Cystoseira (after Valiante). A-C, C- barbata J. ^ 


: i and C, later stage in dev jmary 1 
bor mature and fertile plant; B, early and eae NES disc; fh pun Ly 
e opuntioides Bory, lower part of a plant. 4, d base of lateral: N D 

2 "ter 


L, lateral; m, definitive axis; 7, receptacle; t, dilate 


Mu 
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how extensive monopodial branching. In some 
are very Short so that the habit is ericoid 
265). In others (C. abrotanifolia, C. osmun- 
Ag: | parts of the primary laterals, and sometimes of 
are flat and more or less markedly lobed, with 
ising in one plane (cf. also (178) p. 49).! The young 
characteristic appearance (fig. 121), altogether 
he mature stage, in which the primary laterals 
e "e lengthened, become terete, and acquired the 
dheir pranches have 7 most species, however, all the Bane 
adial Bor from the first (fig. 120 A, C). Air-bladders (222) 
and rà resent and usually occupy the lower parts of the 
often occurring in short series. The receptacles are 
e-shaped (fig. 120 À, r). 
perennial,” although a few are sometimes mono- 
i (C. abrotanifolia). During the annual lengthening of the main 
amc ften undergoes considerable increase in thickness. On the 
as of the dormant season a more or less considerable part of 
d branch-system is usually shed, and the plant may assume a 
srkingly different appearance (G21), @25) p. 146). The laterals of the 
ast order usually develop continuously and finally become detached 
savhole, leaving a stump or a mere scar on the main axis. In certain 
species, however, which are distinguished by the dilated bases 
` ("tofuli” of Valiante (280) p. 8) of the primary laterals (fig. 120 D, t), 
their development takes place in two stages ((225) p. 143), the swollen 
baes arising towards the end of the period of active growth and 
remaining dormant until the following season when they grow out 
ino branches. The basal dilation persists after the upper part of the 
ad is shed, In some species (C. Montagnei J. Ag., C. spinosa 
d all the primary laterals develop in this way, and the surface of 
d = becomes covered with an uninterrupted series of 
en. D), but in others (C. granulata, C. platyclada 
the basal nite: phus formed primary laterals of each season lack 
lan n. The axis then bears alternating series of tubercles 
y means of which its age can be determined ((225) p. 144). 


resent 4 
om that of t 


det lateri 
frequently spindl 
All Cystoseiras are 


f the branches occurs both in littoral and sublittoral 


doe: : 
hein the tube ` take place in young plants. In the new season 
hut also a Loge forms arise not only from the apical tubercles, 
puto? | tin s Ccies t GE from the swollen bases of older laterals. In 
i V merous Ort Ds laterals, after they are shed, are replaced by 
y axi, che j ` ; ` 
ary As Hal s (C. mediterranea (Ag.) Sauv.) or, as in C. 


"s 
M These Ke OSmundacea. 
Was 7 based on S 
d'a Jacent seas. 


auvageau’s extensive observations in the 


23 
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foeniculacea ((80) pl. 122, (225) p. 146), by 


flattened shoots wi 
i 


laterals, devoid of air-bladders. th dis 
The tubercles are probably Storage-organs, T Stichoys The 
walled cells, are devoid of hyphae, and on They Consist GM 
of elongate cells. They are commonly ver bya Con hin. lied: 
which also often occur abundantly on other parte Spin Orr "À pui 
The young plants ((280) p. 3) resemble tho RECH thallus. ths sn 
species like C. abrotanifolia in which the (s A Fucus, especially: pown 
flattens at an early stage (fig. 121 A, f), but E Part of the em LU up: 
goes, the primary axis of the embryo does AT as present evide, ch 
certain stage. When it has reached a length gie develop beyond ; ne 
cell arises near its base (d) and soon becomes SCH 9 mm., an iei iN 
pression ((280) p. 6). The active division of m In the usual de. ia 
apical results in the d P 
tures 
concep 
leafy li 
Cystose 
basal p 
(it) p. 
tively | 
Gruber 
The 
second 
Halidr) 
Their c 
Fig. 121. Cystoseira abrotanifolia C. Ag., three successive stages in develop. bereca 
ment (after Valiante). A, young embryo; B, older embryo showing primary early bi 
frond (f), the definitive axis (d) and two laterals (1, 2) developed from it; possess 
C, a young plant. a, attaching disc; d, definitive axis; f, primary axis; 
l, lateral; m, main axis; p, stalk. 
production of a secondary shoot (fig. 121 B, d) which becomes the The ge 
definitive axis of the plant and, as the latter becomes established, the c 
primary axis (f) above its place of origin is gradually turned too | pic 
side. The basal part of the axis is therefore a sympodium. All the organis 
later laterals, however, develop monopodially and in acropetal suc- branchi 
cession from the definitive axis (fig. 121 C) which persists throughout Ji 
the life of the plant. The first two laterals (fig. 120 B) arise on opos? E ect 
sides of the axis, and it is only after this that a 2/5 diversas Organs 
established, although subsequent displacement causes the ees en 
laterals to fall into the 2/5 spiral. The early development has 3 he EI 
examined in a few species, and it remains to be seen wheth native t 
sequence just outlined is always followed. 1 qus 
ET on * nj 
ES In certain species (C. foeniculacea, C. abrotanifolia) Se a e f 
d arise from the basal disc in the older plant. This is due (235 b of the pl 
the development of adventitious branches from the ong holds Hal 
i axis, which gradually become incorporated in the enlarg! ] 
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Cystophyllum, widely distributed in Japanese waters 


rge of a Cystoseira and the two genera are no doubt nearly 
th ot easy to draw à sharp distinction between the mates 
Of thin, Jt is Be genera., According to Yendo ((299) p. 35) the only 
al Strang Ins ee lies in the restriction of air-bladders to the ultimate 
Big, P ral differ C stophyllum (cf. (82 pl. r39). Another imperfectly 
cially; pown a 175, Go2)), which is er distinguished by its stalked 
em) H qup. (fias. In some species the eA UU System is bilateral, 
videnc deg ile branches alone showing pens arrangement, 
eyond a je different type is seen in Lan OR ((74) p. 28, (81) p. 213), 
n apie Ara he almost terete main axes bear radially disposed laterals, some 
where t mble the axis, while others develop as lobed leafy struc- 


Jof latera 


Mtoseiras aS A i ; 
u parts of the primary laterals of certain Cystoseiras. Oltmanns 


(y p. 199) may well be right in looking upon Landsburgia as a rela- 
ily primitive representative of the radial Cystoseiraceae, although 
Gruber regarded it as a specialised form. 


The radial organisation of Cystoseira and its allies is probably 
scondary, and there is reason to believe that bilateral forms like 
Halidrys represent the more primitive condition within the family. 
Their derivation from J*ucus-like types presents no difficulty. It may 
berecalled that some Cystosezras retain a bilateral organisation in the 
erly branching of their primary laterals. All Cystoseiraceae appear to 
possess a three-sided apical cell (p. 353). 


develop. 
primary 
from it; 
ry axis; 


(d) Sargassum AND ITS ALLIES (SARGASSACEAE) 
mes the A m ' ; 
€ gener; int 5 ! i i 
genera included in the Sargassaceae,? which are in part rather 


red, the ai $0. 

Reg US ped exhibit the most complex morphology among 
All the eer e the Cystoseiraceae some show bilateral, others radial 
ule M n Mu the former are no doubt more primitive. The 
yughout he monopodial. All the members of the family are 
pposte f m se figs. y the special features of the lateral branch-systems. 
ence is D Gran ( pe À, F, H; 123 C) bear at their base one or two leaf-like 
rst two Spears id a the “axil” of one of which the whole system often 
E er SC The three-sided apical cell is lodged at the base of 
her t mative to KEE depression. Species of Sargassum are not 


n, although S. natans (S. bacciferum Ag. (80) pl. 109) 


Ee ES Cast u 
font lim) m Eier Storms. A few (S. Hornschuchii Ag., 
En m Bossi n the Mediterranean, but the main centre of 
they. lea ((o) 
]dfast. Wa Gage eral litera a SC (197) p. 362; cf. however (235) p. 230). 


t a 
ute of Sargassum, see (s), (7) p. 49, (75), (1914), (195), 
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5 art of a plant. H, I, S. enerve C. Ag. a, (A 
` lateral; r, receptacle; rh, rhizoid-cell; v, atb 

d from Oltmanns; B after Gruber; C after Da 

! G-I after Setchell.) 
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outhern Hemisphere and especially in the 


‘on 1$ ‚and (41a) p. 574, (281) p. 135). 

bution | 2, p. 2525 3 

rb eas (sce E o P 61, (179) p. 202) the South African Sar- 

longifolium may be taken first as representing 
d 


The lateral branch-systems here show 


in the S 


psi ns ecialised type- 


ejative angemen 
te E ey Are represented merely by leafy outgrowths 
a) 


f the 207 lane O 55, 
intend n Sie a number of distinct structures (fig. 122 A). Near 
mpr! 


af, ge bear two alternate x nr ne are again expanded 
jebase t branching; the upper adaxial one usually surmounts a 
nthe pl e bladder (v) which is occasionally alone present. Beyond 
rominent alt=? lateral bears a series of repeatedly branched re- 


: the EE : 
yis the (o Eed of the distichous species (e.g. S. Peronii 


ceptacles "on 54, (79 P- 62, (197) p. 365) both the axes and the 
‚122 c flattened, and a midrib (m) may be present throughout. 
Iterals m 3) regarded such species as primitive. 
Aga VR like these there are many gradations to the typical 
AM (Sect. Eusargassum) which are radially organised and 
Beta bushy habit like that of a Cystoseira. As in that genus, too, 
demain axis is commonly only a few centimetres high (fig. 122 G, a), 
and it is the richly branched primary laterals that constitute the 
greater part of the vegetative system. The Eusargassums comprise 
aout two-thirds of the known species and are essentially confined to 
tropical seas. In them the terete or angular branches of the first and 
liher orders are spirally arranged and bear numerous laterals of 
limited growth (figs. 122 H ; 123 C), in which the basal “leaf” (I) is 
sally the most conspicuous. These foliar organs, which are some- 


? umes very narrow (e.g. S. patens Ag.), commonly possess a serrate 
margin and are usually provided with an obvious midrib (absent in 
S.merve, fig. 122 H). In certain species the long axes bear wart-like 
growths giving them a spiny or verrucose appearance. Parts of the 
branch-system may be shed periodically and later replaced by new 
D Fa (lso) p. 212). j 
NEE and the subsidiary branch-systems develop a 
Fr A h more or less clearly subtends the remainder of the 
mle, fattened Inch er Ze 123 C). The “leaves” (/) are, as a general 
otizontally in the s vertical plane, although commonly expanded 
fa fertile | ofthe plane (em Ne Parts and sometimes over a considerable part 
ile phon Bof their stalks (c 2), for the most part probably as a result of twist- 
nn the laterals eae P- 5). On the lower parts of the long shoots some 
ev, basal | Mes ax nc little but this leaf, although there are some- 
ing di a Of the eae but in the upper regions of mature plants 
JE i ith appear E S Subtend axillary branch-systems (fig. 123 C), 
uer West me er or d ed as compared with those of Anthophycus. The 


mbers of these branch-systems usually develop 
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Certair 
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receptacli 
Species p 
ment, wh 
is effecte 
axis (fig. 
Them 
has a per 
At the b 
dichotor 
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Systems 4 
on the [o 
a fertile 
Fig. 123. A, Landsburgia quercifolia Hook. & Harv., small part A PS 
plant. B, Turbinaria dentata Barton, ditto. C, Sargassum CHE Get 
D, Turbinaria Murrayana Barton. E, Coccophora Langsdorfi be v, air- 
fertile plant. h, hapteron; l, lateral; r, receptacle; s (in E), en ; after 

an bladder. (A after Gruber; B, D after Barton; C after Boers 

Okamura & Oshima.) 


CC-0. In Public Domain. Gurukul Kangri Collection, Hari 


y Arya Samaj Foundation Chennai and eGangotri 


OTHER SARGASSACEAE 343 


ad he extremes are seen in fig. 122 À and H. Not un- 
the lowest member may develop as a leaf, while 
ding leaves are sometimes replaced by air- 
o doubt homologous with the “leaves”. 


es 
cles » 
est? and “axillary branches ", the whole lateral no doubt 


gle branch-system, the first member of which appears 
T tending leaf (cf. p- 353): 


ef account is inadequate to afford a true conception of the 
m which is presented by the species of Sargassum and which 
from a perusal of the works cited in the bibliography. 
| branch-systems exhibit a varied differentiation, both in 
The viduals and in different species. In Acystis (230), recorded 
are! ae Sea, the erect shoots arise from a prostrate and flattened 
from ir d re are no air-bladders. 
e, d forms, devoid of air-bladders on th 

Certain bilateral flattened fo , ) | on the 
ilary systems (fig. 122 C) and characterised by the possession of an 
donate main axis, are usually referred to a separate genus Carpo- 
phyllum (9, 45), (178) p. 61), well represented in the Australasian region. - 
Judging by Gruber’s figure (fig. 122 B) the subtending leaf is sometimes 
suppressed, the branched receptacles (7) then arising direct from the 
margins of the flattened shoots. These forms possibly constitute a 
distinct evolutionary line. 

In Turbinaria (ist, (82) pl. 131) the radially organised plants are com- 
pact and cone-like. The laterals take the form of firm, more or less 
peltate structures (fig. 123 B, D, D bearing the short well-branched 
receptacles (r) in clusters on the upper sides of their stalks. Certain 
species possess a conspicuous air-bladder below the peltate enlarge- 
ment, while in T. trialata, for example, the stalk is winged. Attachment 
en SE of spreading branches at the base of the main 

, , h). 

mU EEE (G) p. 249, (74) p. 26, (175), (252), (299) pl. 5) 
De Goar, a É isc from which long shoots arise in each season. 
dichotomous] an towards the end of their growth they produce 
ofthe older peed filiform laterals (fig. 123 E, /), but over most 
Systems that ae ey bear triangular scale-like appendages. Axillary 
On the lower cits oe filiform laterals appear sooner or later, but 
Upper many of the o ane axes these laterals remain small, while on the 
assume a dense] aoe and branch extensively so that the shoots 
Pearance of « am ufted appearance. More than a year after the ap- 
“longation (fig me as the upper axillary systems undergo marked 
S ee s» ), producing scales (s) similar to those borne on 

Re o) endo 


This bri 
ge of for 
wl be evident 


tile 
tto. 
eV., 
air- 
[ter 


((299) ; GA d 
| * Lan ; 9) p. 53) has been shown to be merely a young 
ME (gj p. Raul while C. phyllamphora J. Ag. is only a form of the 
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the main axis and, after some time, developing at th 
stalked rounded receptacles (r); soon after this the 
No clear information is available as to the relatio 
systems and the filiform laterals from which the 
would appear to be one of the most highly spe 
order. 


ir tips a R 
Ui | 
the Whole det ) y 
n between the sa 
Y arise, but EM la 


cialised members ER 
e 


(e) HORMOSIRACEAE 


All the Fucales hitherto noticed possess a single apical ce 
Australasian genera Hormosira and Notheia, although th 

the others in many respects, differ in the Ge ey resemble 
cells (p. 354). Oltmanns classes them as Anomalae Go apical 
perhaps better considered as constituting a separate han they are 

Hormosira ((69), (74) p. 4, (82) pl. 135, (isı)) is a plant of a N 
habit (fig. 124 C), the dichotomously branched thalli Ee 
much enlarged hollow segments (v) separated by short sold ee of 
Sterile and fertile conceptacles (fig. 124 D, c) are irregularly Wm (j. 
over the vesicular segments. In transverse sections through SE 
apex of the latter the central hollow is produced into four (rarely the 
bays, but towards the middle of the segment these disappear and 
Se is a wide cavity bounded by a large-celled tissue penetrated by 

yphae. 

Notheia (7), (74) p. 6, (82) pl. 213, (130), (150)) is a small epiphyte 
about 12 cm. high, so far only found on Hormosira (figs. 124 B; 133) 
and Xiphophora. The terete thallus is branched monopodially and 
bears conceptacles throughout. The branching is peculiar (fig. 124 E) 
in the fact that the laterals (Z) arise from the bases of the conceptacles 
which at the same time also harbour oogonia ((150), (293) p. 635) or 
antheridia ((17) p. 421). According to Barton (&7) p. 423) the zygote 
gives rise to a septate filament which penetrates between the cells of 
the host and branches profusely; in the older plant ((93) P: 637) the 
endophytic portion consists of a mass of elongate colourless cells 
In segments of Hormosira occupied by Notheia the central hollow 5 
filled by proliferation of the medulla. i 

The relation of these two genera to 


clear. 


ll, but the 


other Fucales is not at present 


(f) DURVILLEACEAE 
tation of the Suba 
ances to one © 
Gs ; 
D. utilts Bory) D 
metre in En 
of ro metres: 


tarctic 
Durvillea, a striking member of the vege "S 
seas (D, map 2, p. 252), presents many resembl 

larger Laminarias (fig. 124 A). In D. antarctica ( 
circular attaching disc (a) may be more than hal à 
and bears several fronds which may reach a lengt 


^ Stee KE OX Pa ce OH CID SI 
(247) p. 140, (248) p. 52, (314) P- 48. 


454 (87); (187) pli 
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ine (st), which increases in thickness year by year 
rt stp thick, is flattened at its upper end, where it 


erof $ 5 $ d 

dis raie come Ui into the leathery blade. The latter divides into 
| aty D 

hora 


f the 


t the 
mble 
pical 
y are 


ristic 
ng of 
ks (5). 
tered 
ee or 
three) 
r and 
ed by 


phyte 
1338) 
y and 
124 E) 
tacles 
le 
zygote 
ells of 
7) the 
‚ cells. 
How is 


resent | 


a; E, vertical section through 


1 e 
|tarctit m ne; C, habit ofa a E branch. C, D, Hormosira Banksii (Turn.) 
of the ma f, attaching aon plant; D, longitudinal section through two seg- 
y) the ee 5, solid HA noce, h, hair; ho, cavity; l, lateral; o, 
ameter Ost ROEA Stipe; su, substratum; v, hollow segment. 


; the rest after Gruber.) 


jS. The | Au 


ag) OWN with Gee Segments, in which the central tissue 


f 
ate 
Une, but ae dwit 


peer mation of a number of chambers which 
Ours localities wt antarctica is an inhabitant of the littoral 
es where there is strong wave-action so that 
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it is always covered with spra 
segments of the blades bec 
D. Harveyi is considerably 
blade is more extensive.! 
Durvillea possesses neither an apical, nor an ; 
and growth is diffuse. The segments of the Blade 
Ie s 


y. Where the 
growth ; 
one densely SSC rien 
smaller and the undivided porti P. 
lon 0 


as local outgrowths. Despite the Laminaria-like h Stated to aris 
ceptacles differing only in minor Particulars f abit, fertile ES 
Fucales are scattered over the whole thallus. On pus those E 
the resemblances to Fucales are greater © whole 


nariales. than those 

Skottsberg's Ascoseira ((247) p. 148, (248) P- 50), ref, 
family, has a repeatedly forked stipe, each branch of y hi distinct 
in a long and rather narrow, leathery blade, bearin which terminates 
both surfaces except in the basal portion. The së Conceptacles on 
chains of reproductive organs, each ceptacles contain 


producing eight re : 
of unknown nature. 'T'he relation to other Fucales ui cells 
(cf. also (129) p. 312). quite obscure 


Tred to a 


EARLY DEVELOPMENT, APICAL GROWTH 
AND BRANCHING 


The early development of the embryo, which is known in many 


genera,” commences with rapid division of the zygote (figs. 114 G; 

122 D, E; 125 A) to form a spherical or pear-shaped mass of cells anay 
attached to the substratum by more or less numerous unicellular septa 
rhizoids arising from the basal cells. Periclinal division sets in at an multi 
early stage. The first wall, dividing the zygote into an upper anda LN 
lower cell (fig. 122 E, 7, 2), is usually followed by a further horizontal other 
division in the latter, whereby a small rhizoid-cell (r/) is cut out at the large 
base. At the same time or soon afterwards vertical division into butes 


quadrants (fig. 122 D, E) takes place in the upper (7) and subse- valls 
quently in the underlying (2) cell ((162) p. 178, (264) p. 10), while at an Ge 
early stage the upper cell usually divides transversely into two tes m 
(fig. 122 D). The base of the zygote sometimes lengthens into * ying 
rhizoid before the rhizoid-cell is cut off (280) p. 3), while in de 
Fucales the latter divides vertically into several cells before the ve 
growth of rhizoids occurs; the number of cells thus produced aan 
considerable among Sargassaceae and varies in different spec! 


94,173,264,266,268). fet the 
ang. es to 

8, (295) p: 30! 
this does n 


included in à 


In various genera the first wall is orientated at right 
direction of the incident light ((156) p. 139, (184), (208) P- PA 
which thus determines the polarity of the plant, althoug ib 

! The genus Sarcophycus ((3) p. 189, (289) is now SE) 


Durvillea (cf. (247) p. 139). a 
: P 
? See (70), (178) p. 24, (274), (275) p- 47, (280) and the other P 

text. E 


ers cited in de 
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en. it is principally the blue rays that are concerned 
to al uca mee ion of the first wall is, however, also influenced 

‚The o adjacent germinating zygotes (group orientation, 

resence 7 where the latter are near together, light cannot 
ME. M eius. Du Buy and Olson (s9 attribute this to the 
«ome RR regulators which are specially abundant in the 
ence H 


os oids always grow out on the e au from the light (s) 
The rhizo. 685, (20, (208) p. 58). In Fucus it has been shown (164) 
640, (108) p. ae of unequal illumination, the rhizoids appearing on 

E illuminated side of the zygote (cf. also (83) p. 566), 
gy is not determined by the actual direction of the 
nd their P If zygotes are successively illuminated from two direc- 
incident Be cular to one another, the rhizoids originate between the 
tions CR nearer to the first direction of illumination, the longer 
mo Ge GE that source has acted ((ros) p. 689). Zygotes of Cystoseira 
the light 1) and Pelvetia fastigiata (136) subjected to centrifugal force 

m Gd centrifugally (cf. also (309)). On the other hand 

ige could recogniseno eflectof gravity or contact. Whitaker (284, 
ay stresses the importance of gradients of hydrogen-ion concentration 

and suggests that this may afford an explanation of group-orientation 

(see also (310, 81). 


The early development of Fucus ((53) p. 640, (169), (178)) differs in 
certain respects from that of other genera. The side of the zygote 
aay from the light grows out, usually prior to the appearance of any 
septa, into a rhizoid which subsequently divides to form a narrow 
multicellular strand (fig. 125 B, 7). According to Nienburg ((169) 
p. 54) the first wall in the zygote (fig. 125 A, T) is followed by two 
other horizontal ones (2, 3) giving a row of four cells; the rhizoid is 
largely formed from the lowest cell, although the one above contri- 
buts something. The uppermost segment divides by perpendicular 
m s 125A, B, 4), followed by horizontal segmentation (6) into two 
mure en by anticlinal and periclinal walls (7, 9) leading to the 
lis SC peripheral and central cells. At the same timethe under- 
the NE nee has subdivided (fig. 125 B) and, together with 
ody of Me p the uppermost primary segment, gives rise to the 
upplemented bye plant. The prominent primary rhizoid is later 

y others growing out from the lower cells (fig. 125 F). 


A multicellular rhiza: N 
Ws thizoid has also been recorded in certain Japanese 


Antilinal ab the same Way. Sooner or later there is abundant 
Without k "- inthe peripheral cells, whilst the inner ones enlarge 
WEE be EE (fig. 125 C). The embryois now assuming 
ae H Whereby N 8. 125 F). Occasional periclinal ‘divisions (fig. 
“ein the peri e number of central cells is increased, also take 

Pheral layer (me) in the upper part of the embryo. 
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As a result, the latter widens (cf. fig. 114 B 
mains narrow and constitutes a short stalk. 

At this stage, amid the group of cells oc 
embryo of Fucus, one develops a specially c 


) but the lower part te 

3 jit! 
(fig: 
pout 
into 
p3 
orgal 
Nien 
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pex of + 
Ucleus di 


7 Neer young embryo, 1-4 
Fig. 125. Early development of Fucus vesiculosus L. A, yo eed and peri- 


successive septa; B, older embryo, development of primary ze section 
clinalldivision in part above; C, apex of older germlingin longitudinis o ical 
showing the first and second hairs (hr, h2) and the origin oft S T 
depression, the numerals in B and C the successive septa; D, SEH and F, 
later stage, only basal cell of first hair (41) surviving; E, Teilen 
longitudinal sections of germlings. b, basal cell of first hair; 5 mh, meristem 
wall; A, hair; i, initial cell of hair; m, medulla; me, meristodermi à 
of hair; r, rhizoid. (A-D after Nienburg; E, F after Ore TA 


| «a, (210) P. 4) 
cell grows out into a first hair (fig. 125 C, AT; 067» dcl cell (1) "A 
As it lengthens, a meristem (mh) appears SE of events. ne 
which persists unaltered during the subsequent € ate from it an is 


Ae : : rn 
the hair differentiates, the surrounding cells sepa 
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shaped apical depression which rapidly widens 
ait no doubt owing to active division of the neigh- 
ps Dh RÄ Aeren other adjoining cells successively grow'out 
(ig 1 alls. By €. D, A2) giving the apical tuft mentioned on 
; By The first-formed hair (fig. 125 D, hr) soon dis- 

; n t for its basal cell (b) and from this, according to 
Zem exc P ical cell of the young embryo is constituted. The 
the dm cell below a trichothallic meristem recalls the 

e Kam in certain Ectocarpales (pp. 90, 114). It is not 
er such an origin is traceable also in other 


nne 


this 


pucales. iria (678) p. 24) and Ascophyllum inter alia. 
embryos © be its mode of origin in other Fucales, all who have 
p ung plants record the appearance of a three-sided 
sudied SE (Be. 1271, a) intheapicaldepressionatacertain stage; 
ee dinal section it appears more or less biconvex (figs. 126 A; 
ee. cf, however (41) p. 286). Except in Fucaceae, this apical cell 
Win throughout the life of the plant. The segments (figs. 126 A; 
n; G, s) cut off from its three faces undergo periclinal division, 
the outer cells becoming part of the peripheral layer, the inner ones 
dividing further to form the internal tissue of the embryo. For a time 
hairs with a basal meristem (fig. 126 A, bi are produced from the 
! peripheral cells in Fucus but, when they have been carried on to the 
edge of the apical depression (fig. 126 B) as a result of the apical 
activity, they are usually shed. Production of hairs ceases before 
the apical cell has been long established. 

Soon after the formation of the apical depression the greater part 
ofthe embryo of Fucus begins to flatten, only the basal third retaining 
cylindrical form. In the flattened part a midrib soon appears, while 
typtoblasts develop along the margins. At the same time the de- 
ene a slit extended in the plane of flattening, the sides 
cent to the thallus-surfaces sloping steeply (fig. 126 C), 

marginal parts do so more gradually (fig. 126 B). It is at 


i mot a B oe pore aed is replaced by à rour ad 
on, Laser S 3 DP 5 (297)).! The latter (fig. 126 B, a; ) has 
Si Bs directed in nu ie pyramid, the rectangular base of which 
F, eral faces EN Rd the somewhat convex apex outwards; the 
i Parallel to the A a arched and of unequal size (fig. 126 D), those 
Op ingles to je plane of flattening being narrower than those at right 
(5) p, 42, WD cire shape is specially well seen in Pelvetia 
) definitive apical E P. 28) and Ascophyllum. It is probable that this 
(i) n » arises from the three-sided one of the embryo by 
As m jet from the Re . 
d bs N recorded in roms dealt with below, a four-sided apical cell has 
! Wes (06) * 52). The c 5778 fastigiata ((1ss) p. 423) and Niphophora ((83) 
Place also in adve, change from a three-sided to a four-sided apical cell 


Ventitious shoots ((166) p. 179). 
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longitudinal division (66) p. 179, 


STAR = S 5 (178) P. x 4 
within the apical slit which is filled w; 3). It is Well 
neg iig, (unm, | ge 
n Fucus segments are cut off successive] ^) tu 
the base (5s), to the two narrower faces (ss Es F) Parallel | d 
D n to One (so 0 © il 
me. me U 


unde 
withi 
apica 
slit o 
depri 
long 
sacca 
marg 
and i 
cella 
liter; 


Fig. 126. Apical cell of Fucus (D, F. furcatus Ag., the rest F. vesiculosus L) hath 
A, median longitudinal section of a young cylindrical germling, al nn eo p 
three-sided apical cell (a); B, ditto of an older germling, in tos m ue 
flattening; C, ditto, in a plane at right angles to that of B ea, , 
verse section through an older apex; E, longitudinal section o E SEH 
dichotomising frond; F, diagram of apical cell. a, apical ce edulla; m b 
segment; c, cortex; g, mucilage; h, hair; ic, inner cortex; ™ i segment. 
meristoderm; ms, median segment; p, pit; s, segment; ss, ja 

(D after Woodworth; the rest after Oltmanns.) 
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aces; this last segment (ms) is often as big as 

dp he Pe ical cell (cf. fig. 126 B, D). In Pelvetia and 
rot mentation is stated to be less regular (see how- 
llum the eee basal segments divide to form cells of the 
do p: 423): others divide into inner and outer cells as before. 
while the hing generally takes place in Fucus soon after 
rent. It is initiated by a segment (usually 
1 cell) from one of the lateral faces as- 


oe), Zen and functions of an apical cell. According to Oltmanns 
f e 
„mingt ‘cals th 


Ze als are at 
ndout clear 
dichotomy, 

ne pres san 

; elveti : 
E ng monopodial branching of Ascophyllum (cf. p. 327) 


à initiated close to the apex.! Longitudinal sections through the 
À jal slit parallel to the surface of the thallus (fig. 127 D) disclose, on 
Ee side of the main apical cell (a), a number of initials (x, 2) dis- 
tinguished by denser cytoplasmic contents (cf. also fig. 127 A, r, 2); 
they are derived from segments of the apical cell which have already 
undergone some further subdivision. Each such initial becomes sunk 
vithina depression and, as further segments are cut off from the main 
apical cell, the initial is gradually carried over the margin of the apical 
sitonto one of the edges of the thallus (fig. 127 D, 3, 4). Here the 
depression assumes the form of a narrow slit drawn out parallel to the 
long axis of the thallus; in Jongitudinal sections it is often distinctly 
sacate at the base (fig. 127 D, 5, 6; E, sl). Meanwhile, as the 
marginal slit lengthens, the initials multiply (fig. 127 E, 1-3; F, s), 
nd it commonly becomes divided into several bays, with an apical 
a S the bottom of each. At the base of the germling the primary 
Caen often grows out into a branch without forming others 
eo Wer but on the more mature parts twelve or more initials 
icq en a single slit. At first only one of these grows out, but 
LE). The e suit giving the familiar tufts of branchlets (fig. 115 
is admit p sence of numerous apical cells within the marginal 
i of almost unlimited regeneration of laterals. 
Stirococcus ( 
arl outing th 
Pression 


Se P. 12) shows similar features (fig. 127 A, B). The slit 
ere ded apical cell (a) lies at the base of a rounded 
di The Segm ed in by the rudiments of the leafy laterals (fig. 115 
Ween the na no of the apical cell (fig. 127 A, 27, 12), situated be- 
€ leafy laterals (1, 2), here divide to form mounds (/3) from which 
; (cf. fig. 115 A, 1; G, d-f) are produced. As in Asco- 


ave follo to manns 79) E 
Not Wed e F 
Altogether a the later accoun f Olt 1 (a )p. 1 d See 
Bree with the earlier one (178). 
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Fig. 127. Apical cells 


axillaris (Kiitz.) Grev. ue branching.in other Fucales. A, B, Seirocoecus 


p À, longitudinal section of apical depression, 1, 2 
dor em Ir, l2, 13 successive lateral lobes; B, vertical section 
JL TOS e al cell and adjacent segments. C-F, Ascophyllum nodosum (L:) 
plane of ae plant; D, diagrammatic longitudinal section of apex in 
slits in longit ns 1-6 successive lateral initials; E, F, two of the margin? 
ETE udinal section, in F with an outgrowing lateral (la), 173 IN 1 
er Ne enda initials. G, Halidrys siliquosa (L.) Lyngb., longitudina 
in te i epression. H, I, Bifurcaria tuberculata Stackh., apical of 
d, apical d al (H) and transverse (I) sections. a, apical cell; bs, basal frond; 
» 8p “pression; 1, la, laterals; me, meristoderm; s, segment; si, secondary 


initial; : 
Ol s Ge slit. (A, B after Gruber; H, I after Rees; the rest after 


D 
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De situated in the intervening bays increase in number 
initials $ occupy the adaxial edge of the lateral; these 
tome depressions separated by small mounds which 

e to the leafy laterals. Only few of these initials 
|y equi" of unlimited growth (fig. 115 A, la); most give 
if p into PE branches (r) which are of different ages. 
dev Fe fertile which constitute the chief difference between 

felike / cophyllum, are in the latter represented by the incon- 
qus eparating the initials (cf. fig. 127 A and D); were 
ounds he same way, the resemblance to Seirococcus would 
‚ed. In the latter, neither the leafy laterals, nor the small 


very mar! he fertile branches, possess an apical cell. 


ths between t 
e three- to the four-sided apical cell in Fucaceae 
1 |v.associated with the prevalent flattening and bilateral 
x evidently In Cystoseiraceae and Sargassaceae, with a marked 
ds radial organisation, the three-sided cell! of the 
ts throughout life. In most of them the apical de- 
: Jeep funnel (fig. 128 A) filled with mucilage, but in 

ni 6 6) it takes the f 
Halidrys siliquosa ((74) P- 21, (om Dodo Cop pads ) it takes the form 
ofa deep slit, perpendicular to the plane of flattening (figs. 118 E; 
/ ep, d), and this is also essentially so in Himanthalia ((78) p. 68). 
The lateral initials are produced in the same way as in Ascophyllum. 
In Halidrys (fig. 118 E, 1-4) they arise alternately and with some 
regularity from certain segments (fig. 127 G, /), which undergo little 
division until the definitive three-sided apical cell is cut out within 
them by oblique walls. When the initials have passed out of the apical 
pi each becomes lodged in a separate depression (fig. 118 E, 2, 3) and 
mies rise (4) either to a long or a short branch; when the latter has 
“i completed its growth, the initial divides into a group of cells and the 
S aal depression disappears. Except for the differences in the early 
development (p. 338), matters are much the same in Cystoseira ((74) 
^ e (197) p. 358, (80) p. 6), once the apical cell of the axis is 
E in the radially branched species, however, the laterals 

d nis ona 2/5 spiral (fig. 128 A). 

GE SE of the lateral branch-systems of Sargassum com- 
1 the usual way (fig. 128 B). In S. linifolium ((78) p. 55) the 


symmetry. 
tendency towar 
pmling persis 


H . 

a becomes drawn out in the direction of the future 
à Ma appear star ch several branches arise at about the same level, it 
n S passed out of GE when seen from above. Soon after the initial 
d 02) on its eae pit, it cuts off a secondary initial (fig. 128 
: e the for side; the depression harbouring the two initials 
i Metvening mo m of a radial slit, and they become separated by an 
mS d : und of tissue (d). After a short time the distal initial 
yf puto : 

: 2 detras wanes referred to below, such a cell has been recorded 


"Pophy tlm ((41) D SE (Gos) p. 147), Turbinaria ((15) p. 224), 
` » (45) p. 133). 


24 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


354 FUCALES 
divides more rapidly than the other and develops : 
tending “leaf” (ig. 128 C, D, b2), whilst the proximal ont 
to lie more or less definitely in its axil. The “leaf” (b " 
lateral which has pushed aside the parent axis (b T). The ) ls Clearly A 
the latter soon RISQUE ene ninta which are 3 
spiral and give rise to the other branches of the syste a2 
Gre s not form part of this spiral, in this Kap REN t 
a prophyll. It would be well if the development of the lateral pe like 
systems were studied in other species of Sargassum, ranch. 
The segments of the three-sided apical cell of Himanthali 
(210) p. 14, (275) P- 49) divide to form the tissue of th ae 


arrange, o 


(am) 
© CUP, Whilst the 


Fig. 128. Apical cell and branching of Cystoseira and Sargassum. A, Cysto- 
seira sp., diagram of apex of a branching shoot, 1-3 successive initials, 
B-D, Sargassum linifolium (Turn.) Ag., diagrammatic longitudinal sections 
showing successive stages in branch-development. a, apical cell of axis; 
ax, axis; br, primary and 52, secondary initial; d, the mound of tissue inter- 


vening between br and 62. (A after Valiante; B-D after Oltmanns.) A 
; De 
receptacles represent one branch of a dichotomy. The cup can per- Fe 
haps be compared to the main axes of a Cystoseira and the receptacles Wee 
to the successively formed laterals. ` im, 
The four (rarely three) apical cells, characteristic of Hormosira m me 
((74) p. 4), are teadily recognisable in a transverse section through E 
apex (fig. 129 B, 1-4). They are separated by four thicker walls whie 
are approximately perpendicular to one another and can be tract Al 
both in the peripheral direction and backwards into the substance ? i 
the thallus, where they terminate in the four bays of the Ne p 
hollow (p. 344). The apicals are situated at the base ps fe ici xs 
groove (fig. 129 A, 4). Preparatory to branching the number Mun M 9 | 
cells is increased by longitudinal division (fig. 129 G): Ini) show : 
(G7) p. 419, (74) p. 7) transverse sections of the apex (fig: the details of in) 


three apical cells which project slightly (fig. 129 E); for 
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Little is known of the early development of 


Fig. 129. Hormosiraceae. A, B, G, Hormosira Banksii (Turn.) Decsne; 
| Alongitudinal and B, G, transverse sections of apex, 1-4 in B the apical cells; 
Gshows multiplication of initials preparatory to branching. C-F, H, Notheia 
Re Bail & Harv.; C, early development of conceptacle in section; 
en of apex, 1-3 the apical cells; E, longitudinal section of apex; 
tion, @, a ic EC conceptacle with hairs; H, early stage in branch-forma- 
m, XS cell; b, basal cell of conceptacle; bc, basal cell of hair; h, hair; 
^i me, meristoderm. (After Gruber.) | 


ANATOMICAL STRUCTURE 
Although the 


‘Onsiderable M of the mature thallus has been examined in a 
station umber of Fucales,1 certain details still remain obscure. 


ica Wmethods = fresh material and of material fixed and stained by 1 
Be DPteciable i um probably shed light on obscure points. There are | 
Pi 1 mblances to the Laminariales, although the Fucales 

5 


See ( 
ei KE P. 221, (17) P. 41 9, 


090, (279), (288), ae P. 10, (77), (85), (88), (89) p. 25, (178), (196), 


1), (305) p. 147, (306) p. 54. 
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have not attained to the degree of anatomical spec 
evident in some of the former. The cells normally co 
nucleus which shows some differences in Structur 


lalisatig h 


families (211,279). ? 

As in Laminariales, the thallus is built up from two s 
by the primary meristem (here usually an apical cell) 
activity of the surface-layer of cells (meristoderm). Then 
character of the former renders the elucidation of its rolej 
tion of the thallus easier than in Laminariales, As shower 

ious he first medullary elements ari WD In the 
previous pages, t! y arise from the m 
of the embryo (fig. 125 E, m) before the establishment of x er cel 
cell. Subsequently the medulla is increased by contribution Pal 
the inner halves of the segments of the latter (fig. 126 A, C. SS GE 
the basal segments in the Fucaceae, cf. fig. 126 B), while fa rom 
halves of these segments add progressively to the meristoderm (ne, 
The early separation (fig. 125 F) of the medullary cells (m), as a = 
of gelatinisation of the middle lamellae ((197) p. 327) of the longum 
walls, is even more marked in the elements contributed from the 
apical cell (fig. 126 A, C, m). Here and there, however, the wall 
remain thin and constitute pits (p). Little mucilage appears to be 
formed in the medulla in Cystoseiraceae ((279) p. 42). 

Soon after the differentiation of the apical cell, the inner parts of its 
segments divide a number of times without gelatinisation of the walls, 
and thus there arises a cortex (fig. 130 D, c) of relatively large, but 
closely arranged cells (855) p. 425, (178) p. 19). Many authorities((r;r 
P: 324, (197) p. 325, (201) pp. 503, 529) report tangential division of the 
surface-layer of cells with resulting additions to the cortex, and the 
gradual transformation of the innermost cells of the latter into medul- 
lary elements, but the degree of importance of these processes as 
compared with the contribution from the apical meristem is not clear. 5 
In the stipe of Durvillea there is evidently active division of the 
meristoderm ((87) p. 558). The general resemblance to the mode of 
origin of the different tissues of a Laminaria is obvious, and another 
point of similarity is that, despite the extensive gelatinisation of 
longitudinal walls, especially in the inner tissues, the transverse w 
remain unaffected (fig. 130 C). Gei 

The cells of the sere ie at first multiply by anticlinal oe Ze 
crosswise) division. This active surface growth, as in Pana - (L)De 
leads to passive stretching of the inner elements which, particu td i d E 
the flattened parts of the thalli, tend to be dragged out of their n el 
tudinal course so that their arrangement often becomes very irreg ah 


3 s of Fucus 
(fig. 130 A, m), nowhere more evident than in the receptacle les, are | Sn 


D 
hore definite 
n the forma, 


E 


alls 


(fig. 133 F), etc. Tissue-tensions, similar to those of Laman ee IN 
reported ((119) p. 841). In rapidly lengthening structure T ry cell ten: 


6 5 3 a 
receptacles of Himanthalia (291)) the elongation of the medu 
may be accompanied by frequent horizontal division: 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Single | 
Deen | 


H Viz, 


igitized by Arya Samaj Foundation Chennai and eGangotri 


MICAL STRUCTURE 


DY the F 


finite 


forma. | À 
m the | 22/6 


T cells 


apical | © 


3 from i 


D from 
Outer 
1 (ine), 
| result 
udinal 
m the 
> Walls 
to be 


S of its 
walls, 
e, but 
es( (77): 
of the 
nd the 
nedul- 
ses a5 
clear. 
of the 
ode of 
nother 
ion of 
walls 


(often 
riales, 
arly in 
longi- 
egular 
Fucus 


es, are | 


„the 
d cells 


íi teen » pit; s, 


QS guru of Fucales. 
Ind cto, of adult thallus. C, Ascophyllum nodosum (L.) Le Jol., 
deen 


Showin : D on 
Wo surface cel 8 perforation of cross-walls. G, Cystoseira ericoides C. Ag., 


| A À : 
| Piel tissues i in section. H, I, Himanthalia lorea (L.) Lyngb.; H, peri- 


transverse sectio 


Min n; I, cortical cell in longitudinal section 
HCH: ed septa, ae 3 


Aen 116 inner (a. €, cortex; ch, chromatophore; cu, cuticle; h, 

a i SE l, light-reflecting bodies; m, medulla; me, meristo- 

VG after Berth rated septum, (A-C after Oltmanns; D-F after Han- 
old; H, T after Wille.) 
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The surface is covered by a mucilaginous Beta 
(178) p. 19, (191) p. 106; fig. 130 A, B, cu), which is sons Ge k d 
stratified, as at the apices of the fronds of Jed Sinz thigh | jy 
cells, especially in the younger parts, have a PERS he Peri wt 
130 A, C, E, me), and the hypodermal layer ma c-like sha d Sau 
form (91). The surface-cells are usually crowded lt a gi E 
(fig. 130 G) and abundant fucosan-vesicles, KR wm | 
Wille there are few chromatophores in the out EN accord: origi 


5 À 2 er ich 
mature receptacle of Himanthalia which he Diese ET layer of the dp 
screen. In surface-view the cells of the peripheral LES as a light. M 


separated by thin walls (cf. however (77) p. 321 and fig S are Usually palid 
sometimes show undulation (77) p. 337, (ror) P. 106 on E Which the P 
(291) p. 506) although this may be an artefact. The cells PR ‘24 fig. 2 hallu 
connected with the internal elements by pits (fig. 130 H HR ) they i 


(85) p. 78, (279) p. 41, (291)). "FS ae 
As in Laminariales, the cortical cells undergo little f her div'e: if 
and gradually assume an elongate form (figs. 126 Gi er division E 
towards the interior the longitudinal walls usually BECH Sr a 
P- 327, @91) p. 503) so that there is commonly an Fes muse (m E Al 
gradation to the medulla. There is evidence of the formati A or EN ii 
connections (cf. fig. 130 F, 5)! by extension of the pits lef i te " 
longitudinal walls ((46) p. 233, (77) P. 331, (88), (178) p. 17, (u » S si 
(287)), but the special mode of formation of such Beste T i 
scribed for Laminariales (p. 227), has not been observed in ien Ch 
That cross-connections develop in some quantity is shown b the ned 
ee of medullary elements found in the wings of the thallus of midr 
; T E Ee ned cells often contain much fucosan and espe 
es as full ing a storage function, while their fre- basa 
q p ng thickening indicates also a mechanical rôle: Henckel (69 stren 
EA SE thickening as subserving water-storage in Pelvetia dent 
E ae 4. Simons (5s) p. 166) describes the central tissue of the «à my 
XIS 0 argassum Filipendula as consisting of narrow elongate cells, | es 
ps inner with thin, the outer with thick walls; in the leaves only the mair 
ormer are present. strai 
The extent of production of hyphae varies greatly in different Fucales. a 
In Bifurcaria (74) p. 23, (191) p. 108), Pelveti ji 19) = 
E o b , Pelvetia, and Notheia ((17) p. 419 pen 
Y are confined to the basal parts of the thallus, while a considerable Th 
pumber of the published figures of other genera afford no evidence of ; 
eir presence? Except near the attaching organs, they seem to be Ie SG 
Prominently developed in Cystoseiraceae ((225) p. 145) and Sargassaceae E 
A Pennington's Statement ((186) p. 268) a nching and anastomosis of De 
A pe aceit cells is ae nes 2 ORE of this structuri x 
* Grabendórfer (72) repor i ] his is improbi is 
and, Judging by the Ee SE Tus Lëtz: developed Oy 


at least in the Stipe 


| 
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than in Fucaceae. As in Laminariales, the 

as) P S om the lower ends of the cells at the periphery 
8) A 17, (179) p. 210, (197) p. 332, el p. 502). 
medulla (a erous hyphae of the midrib are produced Only atia 
r. the num behind the apex; as the midrib thickens, more 

fi i" distance in sections of older parts (fig. 130 B), the 
cells (m) are embedded amid copious hyphae (h) 
- longitudinally. There are far fewer hyphae in the 
rregular course, which adds to the confused 


o ` develop 
llary 
ni medu Ad 


‘ich in the follow an i 
wend these fo the medulla. These structures develop later in 


resented than in Fucus, but they become very abundant at 

ee medulla in the older parts. The Ascophyllum- 
e P possesses only scanty hyphae (fig. 130 C, A), although 
alos (9 P. 4 in considerable numbers near the slits from which the 
ned 1 d also appear abundantly in the base of the lateral 
erge m penetrate into the axis and intertwine with those of 
„these hy a firm attachment is secured. The hyphae in the 
18 Himanthalia run prevalently in a radial direction ((291) 
receptac 


P Hah probably similar in origin, two kinds of hyphae have to be 


distinguished, viz. those with thin and those with strongly thickened 
alls; there are numerous transitions. Those of the former type, 
vii may contain chromatophores (@91) p. 514) and possibly play a 
casis róle, are widely distributed in the flattened parts (fig. 130 
C, A), while those of the latter type, which are no doubt essentially 
mechanical (Wille's “ Verstärkungshyphen ”?), are to be met with in 
nidribs (fig. 130 B, 4) and other more or less cylindrical structures, 
apecially in the older parts of the plant; they also occur in the narrow 
kel part of the receptacle of Himunthalia (roi p. 515). Where such 
strengthening hyphae are lacking, the cells of the inner cortex evi- 
dently satisfy the mechanical requirements. The mechanical system 
may thus either be located towards the periphery or occupy a more or 
les central position, the latter arrangement evidently occurring in the 
min in the more permanent organs or in parts exposed to special 
Stains (base of receptacle of Himanthalia). 
a development is most marked in the neighbourhood of the 
rac och finally consist of a mass of branching and im- 
he discs of E Es RS ei ae a so 
growth of peripheral cells d Ee Ts a ae 
Tod cells of the talk and partly by the development, from the 
Othe outside, Fu d ak GR CE embryo, of hyphae which penetrate 
end the area d Ha hyphae continually grow over the surface and 
about by the the disc, whilst increase in thickness is brought 
i Ko Production of new hyphae in the interior. The stalk of 
Ms marked thee becomes overgrown with a layer of hyphae, but 
Jsloseira for owes in older plants, as also that of the axes of 
mple, is only in part due to this superficial felt and 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


360 FUCALES 


to the internal production of hyphae. In the older regio 
marked secondary meristematic activity on the part " ADU 
layers of the cortex (078) p. 22, (186) p. 270, (197) P. 334) 
surface-layer dying and being gradually shed, There is A nal 
information whether such secondary activity occurs aie ent no 
genera. s In Other 
Sieve-like perforations traversed by cytoplasmic can 
been recorded in the pit-membranes, on the thin horizontal 
the cortical and medullary cells (fig. 130 F), as well Bon Aa of 
of their cross-connections and of the conducting hyphae RE a 
((287), (291) pp. 501, 505) and others (Gs) p. 221, (9) p. 334, oue Te 
341, (85) p. 78). Other investigators have failed to find such xem 
tions, although the contracted protoplasts commonly show a En ora- 
to adhere to the pit-membranes (oc) P. 107). Callus is rarely d 
((46) p. 233, Gos) p. 147). Certain workers (G9) p. 334, (ss) Sa a 
p. 425) have described continuity of the cytoplasm through n 
openings in the walls of the medullary and cortical cells ted 
this requires verification. According to Hansteen (07) p. 341) ite 
medullary cells in Sargassum show scalariform thickenings on their 
walls. 


hete is 


Mor 
the Origi € 


nections hay, 


The air-bladders originate not far from the apex as a result of surface 
growth, accompanied by increase in thickness of the cortex; this leads 


to rupture of the medulla, remnants of which are commonly found 4 
around the edge of the central hollow ((34), (48) P. 12, (106) p. 93, (17) (f 
P. 212, (197) p. 335, (204) p. 137, (280) p. 9). In Fucus vesiculosus and YN 
Ascophyllum (289) the inner surface of the bladder is occupied by a felt 
of short unbranched threads containing chromatophores, while in 
Cystoseira the cavity is traversed by one or more longitudinal strands Je 
of medullary tissue. In Cystoseira and in other Fucales the walls of the 
vesicles show varying degrees of tissue-tension ((19) p. 827), while they Fig 
are stated ((38) p. 205) to be thicker in individuals of Ascophyllum Zei 
nodosum growing in deeper water. T'he diaphragms in Halidrys (1) ES 
P. 212, (289)) consist of isodiametric cells and are connected by longi- 
tudinal strands of fibre-like cells apposed to the wall of the bladder. indi 
Structures simulating air-bladders, found occasionally on the fronds of all 
certain species of Fucus, have been studied by Richard ((204) p. 140) sem 
It has been stated that there is no carbon dioxide within the bladders they 
(35), (137), (289) p. 9), but according to Colla ((34) p. 183) they contam divi 
the same gases as the atmosphere, carbon dioxide being at a ee Wou 
and oxygen at a minimum during the night. Those of SE [is 
nodosum are stated to contain a higher proportion of oxygen ((38) A 4 (ci. fro 
the amount varying seasonally, as well as from day to day. Ml aes a h 
also (200) p. 534) and Colla believe that the bladders have a S NDS u 
significance and that the oxygen is that formed in photosynthesis, Tin, | 
others see in them merely a mechanism for decreasing specific BM In 
((106) p. 88, (107) p. 33, (204) p. 143). A 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


gitized by Arya Samaj Foundation Chennai and eGangotri 


WOUND-HEALING 361 


FALING AND ADVENTITIOUS SHOOTS 
-HE 


dasa result of the wearing away of the wings of 

ces EXP se ed with a secondary cortex, the formation of 
come cos the edge of the wound. On the other hand, 
mences SE are laid bare by the breaking off or devouring 
inner happens especially in the Fucales of the littoral 
4 'nedullary cells alone participate in the healing of 
expose Most divide actively by radial and tangential 
Be yo 151 A) to produce a new layer that in certain 
fe callus of higher plants (G20) p. 154, (148) p. 15, (178) 
go). At first this layer of dividing medullary cells 


recalls t 


pects 
ec n 576, (2 


pn 


Fig. 131. Pelvetia canaliculata (L.) Decsne & Thur. (after Oltmanns). 
A early stage in healing of a wounded surface in section; B, later stage of 
sme, formation of adventitious growths (a); C, longitudinal section through 
se ofa young plant. A, hypha; m, meristoderm. 


u ontinuous, consisting of small mounds separated by undivided 
me 131 A), and in Pelvetia (078) p. 74) complete closure never 
t EN In Fucus vesiculosus, however, medullary cells below 
divide like Peon active and, pushing between the surface-cells, 
oundin Se atter so that the surface becomes completely covered. 
ranches (cf e carly always followed by the formation of adventitious 
om the al 9 (89) p. 24) which are often produced in some numbers 
Mounds formed by the medullary cells (fig. 131 B, a), 


p nome; 6 
no 1 e" D DH D 
elveti 3 Which 1s particularly conspicuous in Fucus vesiculosus 

4 canaliculata. 


np * test, 
cul à 
deni xy (e also (197) pp. 322, 340, (228) p. 36) the formation 
growths is mostly confined to regions containing hyphae 
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(basal disc, stalk, midrib), E except in the basal di 
5 ` S S is 
not actively co-operate ın their evelopment. The shoots ES these m fom 


the basal disc are formed by division of internal Rye from ul 


tinguished by denser cytoplasm, and the product break cells dis Ga 
overlying tissue so that the development is endogeno S through, i p 
adventitious shoots commonly originate on the stalk rs mers E 
where the wings have worn away. These diverse os the region b j 
resemble the young germlings, but few show any conside i altogether I 
ment. They are not so common in F. serratus, but are fre e le develop. | D 
Pelvetia, although here apparently not formed on Ke E» uU Seen in D) i 
'The adventitious shoots of Cystoseira (p. 338) Dar 2 ING organ, pet 
noticed. Herriott ((87) p. 562) records them on all partes REN been | jm 
frond of Durvillea, where they apparently develop end and (gans 
Tobler (276) states that the bladders of Ascophyllum feque a ment 
Mytilidae (and Turbellarians) which enter as larvae Ee aiin IO 
caused by Crustaceans. The interior of such bladders is le ceptac 
compact cortex produced by division of the cells on the Ee bya jacent 
threads occupying the inner surface of the normal vesicle (cf € of the ment 
` P: 360), comet 
sa 
DEVELOPMENT OF THE CONCEPTACLES B. 
The differentiation of conceptacles commences within the apical de. i 
pression in the immediate vicinity of the apical cell, although they are sult 
carried out of the depression before development is complete ca 
Bower (27) first showed that each conceptacle originates from a single a 
initial cell; further details were elucidated by Oltmanns ts) and ae 
especially by Nienburg (163) to whom our present knowledge is largely the f 
due. Only a limited number of species have so far been studied. The irreg 
considerable variations in the details of development fall into line with 2.78 
the classification of Fucales here adopted. Sterile and fertile con- gis 
ceptacles show the same early development ((245) p. 172). in ot 
The conceptacle nearly always originates from a superficial cell, Des 
which is distinguished by its larger size and a slower rate of division. J Th 
In Cystoseira ((163) P: 3, (280) p. 11), Sargassum ((245) p. 169, (269), (16) passa 


and Carpophyllum (41) p. 289, (4s) p. 133) the initial is flask-shaped from 
and provided with a large nucleus (fig. 132 A). This divides unequally DÉI 
(fig. 132 B) and the products become separated by a markedly curved mark 


septum (fig. 132 C); the characteristically shaped upper cell (1) may ie 
With Simons be styled the tongue-cell. The lower cell (basal cell, H Kin 
then segments by two perpendicular walls (fig. 132 D). Meanwhile ell 
division of the surrounding cells leads to a gradual sinking of the 1g 
products of the initial (fig. 132 È, F) and to separation of the tonga We 
cell (t) from the adjoining tissue. In Sargassum (fig. 132 G) an fon 


S divides yp. 


; Carpophyllum the ton etime 
gue-cell merely elongates or SOMEtIME ^ ay- 1 
Ge to form a row of a few cells (G41) p. 289, (245) p. 169), whilst in o ner 
seira (fig. 132 F) it develops into a multicellular hair with a D " c 
t entire) p Ti} 


meristem. The inner lining of the conceptacle is almos 


i FS 
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5 1 7jgion 
ical divi 2 
y eral widen! 
he adjacen 
in essent! 


of the lower cell (b) of the rudiment, which 
ng of the cavity; only the uppermost part 
cent segments. Development of the con- 
ally the same way in Halidrys (49), (6s) 


"a P79} o gop p. 7)! and its allies the initial (fig. 132 H, i) 
„38, (163) P- oe E 
(en P: : d at the base of a deep and narrow cavity owing 
omes | d A division of the surrounding cells. The septum 
th ae basal cells is straight (fig. 132 I) and, after seg- 
ue by vertical walls, the resulting cells divide 
ayers (fig. 132 J, b); by this time the rudi- 
y deeply sunk. The further division of the products of 
already des only the tissue occupying the floor of the con- 
t of the lining being derived from the ad- 
the greater par Geh 
a The tongue-cell commonly exhibits no further develop- 
oner or later collapses, but in F. spiralis (@7) p. 44) it 
vides to form a hair. Heine ((83) p. 565) records much 
me series of events in Xiphophora. , i % 
e hat different development 1s found in Pelvetia fastigiata? 
a 26, (163) p. 16), for here the initial first segments longi- 
ie 132 P) and this is followed by transverse division of the 
Se cells. The two basal cells thus produced segment rather 
inegularly to form the floor of the conceptacle, although the greater 
part of the wall again arises from the adjacent cells (fig. 132 S); the 
tvoupper cells (2) develop into short hairs? According to Nienburg 
the first division is not always vertical (cf. fig. 132 R), and this 
inegular segmentation is the rule in Ascophyllum (163) p. 19, (178) 
p 78) where, despite occasional vertical division, the initial usually 
ges rise to a mound of cells occupying the floor of the cunceptacle; 
Se respects, however, the development is like that of other 
ucaceae, 
The rather scanty data indicate that, in Cystoseiraceae and Sar- 
re, a considerable part of the wall of the conceptacle is formed 
nde basal segment of the initial cell, whilst in Fucaceae this gives 
ce the floor. The characteristic tongue-cell, with its rather 
oh id of persistence, is moreover found only in the former, 
biede CS With a three-sided apical cell. An intermediate type 
tell soon SL Bifurcaria ((163) p. 16, (191) p. 110), where the tongue- 
i apses and a relatively large part of the conceptacle-wall 
0e's 
Aree an on the development of the conceptacle of Fucus do not 
ng, must er observations and, until support from other sources is 
HP. 611 and (166) FRERE) as erroneous (cf. Nienburg, in Zeitschr. Bot. 
CCOrdin to Ni. o 
Ment o concepta burg the statements of Holtz ((89) p. 33) on the develop- 
i rather sin D this species are incorrect. 
Tali Similar deve] À 
Maria, evelopment is described by Barton (Gei p: 223) for 


the basa 


sometimes 


ortheom 
H 
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initial 
cepta 
Fr 
Noth 
divisi 
( Y 
ones, 
conce 
and { 
hairs 
Ven 


mod 
Fig. 132. Development of conceptacles. A-F, Q, Cystoseira barbata Rum, thec 
Ag.; A-F, sections of successive stages in formation of a conceptacle; QE from 
tion of A in a plane at right angles. G, Sargassum Filipendula Ag» Y later 


formation of a con- 


conceptacle in ion. H- es in ' 
P section. H-J, Fucus serratus L., stag f apical depres Air 


ceptacle. K-N, Himanthalia lorea (L.) Lyngb.; K, section of - 
sion of receptacle showing es de it, M, N, stages 1n concep a 
development from basal cell of hair. O, P, R, S, Pelvetia fastigiata unusual "m 
De Toni; O, P, S, successive stages in formation of a conceptacle; ; h, baits b li 
P early stage. b, basal célls and their products (shaded throughout); Yn rest freq 
, conceptacle-initial; m, meristem; t, tongue-cell. (G after Simoni, Io 
after Nienburg.) s tash 
Oth 


Ba à 
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DE í 
diacent cells. In both respects there is resemblance 
adja 
py the 

rats: 46, (163) p- 12, (178) p. 80) the surface-cells 
mmit of the receptacle soon grow out 


tha basa 
of the latter Pro 
een carr 


ists. C 
SE Pere ing first by a vertical (fig. 132 K, L) and 
r ls. The central cells thus produced do not grow 
aby sie ones, which results in the formation of the 
tively aS the ceptacle, the entire lining of which arises from the 
iy ur Fic initial cell (fig. 132 N). The conceptacles of 
polit Os (os P- 149) perhaps develop in much the same way. 
jfi nt of the conceptacle of Himanthalia shows that the 
oseiraceae and Sargassaceae, which are no doubt 

upper cell of the rudiment in the Fucaceae 
logous ne PP E : 2 
homolog vestigial hairs which are suppressed to a varying degree. 
represent Y Ge the conceptacles take their origin to a more or less 
t from the basal cell of a hair, and it is profitable in 
recall the perfectly similar derivation of the apical 
all in the young embryo of Fucus (p. 349). The initial cells of the 
conceptacles may, in fact, be regarded as the equivalents of branch- 
ital which, like the latter, become lodged in a depression (the con- 
ceptacle), although diverted to a special purpose (cf. also (250) p. 778). 

From this point of view the development of the conceptacle of 
Notkeia (G) p: 419; (74) p. 7) is of special interest. After transverse 
division of the initial (fig. 129 C) the upper cell develops into a hair 
(i), while the basal cell (b) gradually separates from the adjoining 
oes, its products apparently forming a large part of the lining of the 
imeeptacle. As the latter enlarges, further hairs arise from the wall 
| ad form a projecting tuft (fig. 129 F). Later the upper parts of the 


VEN IN NAS SS 


appreciable exten 
this connection to 


a are shed, although their basal cells (bc), which have rich cyto- 
ns persist. There is some uncertainty as to the exact 
ge SC EE of the laterals (fig. 129 H, a) which arise from 
DES tom ade es (fig. 124 E, D: Gruber believed that they were formed 
young asal cells of the hairs (cf. however (17) p. 420). Several 


5 laterals 5 

P demir de x cp, although only one lengthens into a branch. 
tacle- is been Yelopment of (adventitious) branches from cryptoblasts 

Ag) recorded In a salt- } > S S 
usual "m. alt-marsh form of Fucus ceranoides ((259) 
sir A LA ASociati PE 
p rest fuent in the a > reproductive organs with groups of hairs is 
E 109) these hair. Te specialised Phaeophyceae. In the Encoeliaceae 
o GEN commonly occupy the base of a depression, and it 
the concent 1 (679) p. 216) that this may show the mode of origin 


acies of F ^ S 
f Fucales. The resemblance is, however, remote, 
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and the little that is known as to the origin of Gi, i 
Encoeliaceae implies an altogether different mode of q er, H 
In view of the probable absorptive functions of the haj Tase, 
quent association with reproductive Organs requiring a TS, their en 
supply may be but the outcome of a Physiological need, À 
hand, the presence in young plants of many Brown A] d n ote | K 
hair, at the base of which lies the meristem or at TA Ge a ei | 
subsequently develops (cf. (69) p. 60), shows that in p Which i 
a hair frequently precedes or is associated with meristematic Te 
and this leads to the same conclusion as that arrived at abou activit l 
the conceptacle is to be regarded as an arrested and a VIZ. that 
branch or branch-system. Y modified 


THE STRUCTURE OF THE MATURE 
CONCEPTACLES 


All Fucales produce their sex organs within Conceptacles and in m 
(Pelvetia canaliculata, Ascophyllum, H alidrys, Bifurcaria, Himan Ge 
fertile conceptacles are alone present. In Fucus, Sargassum Tu & 
binaria, and others, cryptoblasts also occur scattered over the thallus, i 
In Sargassum Filipendula ((245) p. 163) and various species of Cystoseira 
(@18), (225) p. 151) they even occur on the receptacles among the fertile 
conceptacles. 

The lining of the conceptacles consists of a number of layers of 
flat cells (fig. 133 F, w), formed by tangential division of the primary 
cells and containing plentiful chromatophores. This wall separates the 
cavity from the loose medullary tissue. In the cryptoblasts the middle "T 
of the floor is occupied by an often extensive group of colourless Vi 
unbranched hairs (fig. 133 A, k) with a basal meristem (m), similar to a 
those found in other Phaeophyceae; they project in a tuft from the | 


NN 
aperture, and in older cryptoblasts only the basal portions usually N 
persist. Intermingled with them, and appearing in increasing num- A 
bers in later stages, are other shorter! pigmented hairs with diffuse i 
growth; at first one-celled and more or less clavate (fig. 133 G, p), they Y 
later become multicellular and produce more or less numerous, E 
usually unicellular branches. Their cells have dense granular contents 
and numerous. small chromatophores. According to Nordhausen Fig, 
(G71) p. 291) they are largely responsible for producing the mucilage i 
that fills the conceptacles. ha 
The development of cryptoblasts is to some extent influenced N E 
habitat conditions. They are specially abundant in those ie are Hy 
Fucus which are capable of withstanding prolonged Sep “where k ode 
74 particularly prominent in the salt-marsh forms of F. EN) i Sim 
í they tend to occupy a marginal position ((4) p. 367; fig: D E j Ne 
ut are 


"These have been specially studied in species of Fucus (17), R 
doubt of wide distribution. 


t 
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man 
lali 
Tur- 
allus, 
Oseira 
fertile 


ers of 
mary 
es the 
iddle 
irless 
lar to 
n the 
ually 
mum. 
use 
they 
TOUS, 
tents 
usen Fj 
lage Structure of conceptacles. A, Sargassum Filipendula Ag., section + 
pg D Ptoblast, B, D, Fucus serratus L., sections of male and female 


Dn i IR 3 A 
Young (ib CENE C, Sargassum linifolium (Turn.) Ag., section of a i^ 


: "y ring f tn ele: E, Notheia anomala Bail. & Harv., young plant 14 
3" Mature conce SEN of Hormosira. F, Fucus spiralis L., section of a | 
E fie, ue e G, H, F. vesiculosus L., conceptacular hairs and para- 
here u 9, erat ‘typtoblast, H from a fertile conceptacle. h, hair; m, meri- 
Io vos; B, D, nee P; Pa, paraphyses; w, wall of conceptacle. (A after 
e no "hausen ) er Thuret; C after Nienburg; E after Gruber; G, H after 
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Accotding to Gardner ((66) p. 9) F. furcatus is distinguish E 
e 


altogether closed cryptoblasts (caecostomata) devoid of hai. 2Y havi E. 
ceptacles of Cystopltyllum sisymbrioides (264) p. 6) are hee he on palit 
an aperture, the long hairs pushing their way through A Wie 258 
layer. In certain Cystoseiras (e.g. C. Myrica) the narrow = ticia [nm 


occur singly within small spinous branchlets, YPtoblasts véi 


occupying the; 


length ((218), (225) p. 152). Henckel (84) describes a Cystosej, Che J © 

cryptoblasts and with hairs arising directly from the Sr lac ing Garg! 
à : S e. 

In the fertile conceptacles of Mucus ((171) p. 292), and prob qué 

of other genera (cf. (155) p. 428, (201) p. 509), the colourless re o dn 

restricted to a small area near the aperture, from which the AITS are le 


markedly in F. spiralis (fig. 133 F, 4). The greater 


bears branched hairs (paraphyses, fig. 133 H, pa: cf. also some 
(51) p. 34), in which the septa are often oblique and the cd 58, f md 
cells barrel-shaped with scanty chromatophores. In the mil e rs 
ceptacles these structures bear the antheridia (fig. 136 A) Sech i 
usually much more richly branched than in the female conceptac, mi 


C fig. 133 H) in He 
Between the paraphyses and the colourless hairs are others with dioec 


abundant chromatophores, which correspond to the branched hairs D 
of the cryptoblasts and exhibit transitions to the paraphyses (fig N genet 
H, p). In Himanthalia (roi p. 508) structures of the third type E e 
not recorded. Only the hairs near the aperture take up stains readily. E 
The apparent identity in the early development of cryptoblasts and 
fertile conceptacles, quite apart from other similarities indicated by Th 
the above data, implies that the two are homologous. In Sargassum Vi 
antheridia in various stages of abortion have been found in the they 
cryptoblasts ((245) p. 173). The young conceptacles of Notheia possess kengt 
the basal tuft of hairs characteristic of a cryptoblast (fig. 129 F), Th 
although these later disappear (G7) p. 420). In various species of then 
Cystoseira (C. abrotanifolia, C. foeniculacea), also, long hairs re- with 
sembling those of a cryptoblast occupy the centre of the fertile con- (On 
ceptacles ((218), (225) p. 151), the sex organs arising between them and Bo) 
the aperture. It may, therefore, be concluded that in forms possessing (ig 
cryptoblasts the whole thallus once bore fertile conceptacles and that lige 
the present-day relegation of the latter to special receptacles is 4 ment 
secondary feature ((245) p. 174).1 The Australasian Myriodesma (0 Usual 
p: 90), with a habit altogether like that of Fucus (cf. (82) pl. 24), in fact tire 
bears fertile conceptacles over the whole thallus. Inter 
anth 
SEXUAL REPRODUCTION T 
- The distribution of sex organs varies considerably in different SE i s 
UT and even in one and the same species ((110) p. 189) Sects hu thre 
oecious (many species ot Mucus and Sargassum; Ascophyllum; the 
1 Oltmanns ((178) p. 32), on the other hand, inclines to the belief that SCH 
fertile conceptacles are cryptoblasts which have become fertile. | + 
+ 
i y tu 
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Ta: Coccophora (252,266); Hormosira; Durvillea ((87) 
H 


lavin monoecious condition is perhaps the more usual. 


„sdi 
p Halid)’ ! AD 

TE VN, hough e Fucales (Pelvetia, Halidrys siliquosa, Bifurcaria 

ithout | i mono 

Tficiat 


a Carpoglo;sum, Platylobium (4)) the two 
jata, BU the same conceftacle, but in others (species of 

ound In Seirococcus, Scytothalia) they occur in distinct 
the, same receptacle. 


bas D 2 
Entire ap iyllospora; 


: d 
king tacles although op : : 
| ice? jras above referred to, in which the conceptacles possess 
Y also at er airs the same receptacle harbours male, female, and 
KR t 0 a H 


TS are les ((225) p. 157). A similar condition occurs in 
toject (wëlt of Sargassum (05) p. 330), although many (e.g. S. Horneri) 
> wall L mese In this genus differences are sometimes apparent be- 
Rot 6 the two sexes or more commonly between the two 
Onent | mem the p tacles, the male being smooth, the female spinous, etc.; 
con. es of Ce i 384) the male receptacles are longer and more 
d are ns. a ferences between male and female plants are also recorded 
acles E 3 dioica (49). A few Fucales vary between monoecism and 
N). Rein (m p. 250; See also p. 326). : aes à 

with In hermaphrodite conceptacles the oogonia and antheridial hairs are 
hairs erally intermingled, bug in Bifurcaria tuberculata and in many 
MAN MS of Cystoseira ((48) p. 14, (156) p. 129, (225) p. 156, (280) p. 12) the 
ate oogonia occupy the base and the antheridial hairs the sides of the con- 
dir, ceptacles; in the former the oogonia develop later than the antheridia 
sand wihat the young conceptacle appears to be male ((191) p. 109). 

ed by In Cystoseira Montagnei and C. opuntioides Sauvageau ((224), (225) 
assum p.154) records two periods of fertility, conceptacles first appearing on 
1 the the young branches and later, after these have grown to their full 
ASSESS length, in terminal receptacles. 

9 F), 


ies of 


The oogonia ((178) p. 84, (275)) are nearly always borne directly on 
SU tie vall of the conceptacle (fig. 133 D, F) and are usually provided 
Saa P Ak ne stalk-cell which is either embedded in the wall 
and nani (6 p. 168) or more usually stands above it (fig. 134 A, 
seing f pie tail is lacking in Pelvetia canaliculata. In Sargassum 
| that a ) and Carpophyllum the oogonia (0) are themselves to a 
isa Ee embedded (17) p. 388, (162) p. 173). A different arrange- 
a Di Usual ns in Durvillea (fig. 134 H, I), where the female organs are 
n fact n Y borne on branched hairs (286), although sometimes also arising 
all ((87) p. 558). The occurrence on hairs is of 


St since į r 
mance it furnishes a parallel to the usual arrangement of the 
in Fucales. 


€ Vo 3 
ee D after the formation of the stalk-cell, is uni- 
lo (a p 9t vacuoles @or), and commonly contains plentiful 

| re Successive E During its maturation there are probably always 
nuclear divisions.1 The first two (fig. 134 K) follow 


a The Co, 
Do Dtráry stat org 
"tected t N; sement of Simons ((245) p. 176) for Sargassum Filipendula 


ie 
E nburg ((162) p. 168) 


25 
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370 | NS 
idly upon one another and, at their conclusion 
ds : DEA grouping ; after this, there is SE fo 
rest before the third division takes place (63) p. 626 ya 
Strasburger, as well as Farmer and Williams, proved o 
in chromosome-number occurs during the first nuclear d 
Yamanouchi (298) subsequently showed, both for the a 
137 E) and antheridium (fig. 136 O) of Fucus, that these divisio, Zi 
meiotic; this has since been established also in diverse os ont are 
(05) p. 15, (116), (162), (172), (244), (267), 679). Centrosomes (fig Enn 
have usually been observed during the nuclear divisions Him i 375, d 
and antheridia. Cogonia 
It is only in Fucus and Notheia ((17) p. 422, (150), (293) NO 
the cytoplasm undergoes cleavage into eight parts and eae 
eight nuclei are used in the production of ova (fig, 134 B), Dies 
Fucus exhibit some diversity in arrangement ((75) p. 30). In D 
remaining Fucales only some of the nuclei are employed in N 
organisation of ova, the supernumerary ones being extruded, Soe 
times together with a small quantity of cytoplasm. In Ascophyllum 
(fig. 134 O, P), Xiphophora (x6, 306), Bifurcariopsis (tg) P- 113, bei 
p. 152), Hormosira ((74) p. 3), and Durvillea there are four, in Pelvetia 
(fig. 134, L) two, and in all other Fucales only one functional ovum, 
It is clear, however, that the number of ova is not altogether rigid and 
diverse variants have been reported ((156) p. 141). In Phyllospora the 
single ovum is so large as to be visible to the naked eye ((293) p. 641), 
In the mature oogonia of Fucus ((s3) p. 628, (74) p. 201), Xipho- 
phora(scé) and Hormosira ((69) p. 270) the ova are separated by delicate 
septa (fig. 134 B), connected with the innermost layer of the oogonium- 
wall, although neither Oltmanns ((178) p. 84) nor Yamanouchi men- 
tion this feature. The presence of such septa would imply that the 
oogonium is plurilocular in nature. The two ova of Pelvetia canali- 
culata are separated by a thick gelatinous septum (fig. 134 L), although 
this is not so in P. fastigiata, where the ova showa collateral or oblique 
arrangement ((64) p. 130, (iss) p. 428; cf. also (95) p. 12). : 
The production of four or eight ova is largely confined to the les 
specialised members of Fucales, and an oogonium producing eight 
female cells no doubt represents the primitive condition. It bi 
interest that the aberrant genera Notheia and Hormosira ex 2 
relatively primitive features in this respect. The supernum 
nuclei, representing aborted ova (fig. 134 J, L, O, #), sometime 165 
a considerable degree of persistence. In Cystoseira (6:9) Cane A 
they may attract spermatozoids (fig. 134 M), and actual eee | 
tween a spermatozoid and one of these nuclei has been © 
although the fate of the product could not be followed. ` n 
"The unused nuclei take up diverse positions. In Pelvetia (PE: 5 
L, n) they lie in the equatorial region between the two 
Ascophyllum ((178) p. 86) they form a central group (fig. 134 ^^ 
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Fig. 134 Oogonia of Fucales. A-E, Fucus vesiculosus L.; A, B, stages in 
opment; C, liberation of packet of ova; D, liberation of ova from same; 
2 , F. vesiculosus L., structure of oogonial 
‚ Durvillea potatorum (Labill.) Kütz., oogonial hair. I, D. antarctica 
ariot, the same, with dehisced oogonia. J, Hesperophycus 
(Decsne) Setch. & Gardn., mature oogonium. K, L, Pelvetia 
) Decsne & Thur. ; K, young oogonium; L, the two ova with 
ope, at time M, Cystoseira foeniculacea Grev., mature ovum with its 
Zomm ST of fertilisation. N, Himanthalia lorea (L.) Lyngb., extrusion 
ex € » Ascophyllum nodosum (L.) Le Jol., mature oogonia. en, endo- j 
mucilage; m, mesochite; n, extruded nuclei; o, 
D an , Stalk of oogonium; sp, spermatozoid; £t, septum be- 
1G after p 9ogonium; w, wall of oogonium. (A-E, L after Thuret; 
after Whitting; I after Skottsberg; J after 
M after Sauvageau.) 


LD ARTE ISLS 
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of Cystoseira ((225) p. 163) float in the colourless liquid th | 
space between the female cell and the oogonium-wa]] (& at Occupies d 
Sargassum ((2), (17) p. 391, (264) p. 8, (265) p. 144, Grote E I da e 
also in Carpophyllum ((41) p. 298) the ova contain erm anda 

at the time of discharge, seven undergoing d h 
fertilisation; much the same is true of Coccophora Gane 
single functional nucleus in Hesperophycus and RD. P- 555). 
goes considerable enlargement, while the remaining MU (64) unde 
at the base of the oogonium, together with a small am are 
(fig. 134 J, n), which is liberated together with the oy of cyt 
fate cf this cytoplasmic mass is not known. um; the 

Application of pressure or subjection to hi 

cause a number of the ova of Fucus to fuse; the aula ma 
eggs are apparently capable of fertilisation and some tee tinucleate 
(polyploid ?) germlings ((39), (282) p. 300). By addition te into 
chloride to the sea-water, Tahara ((265) p. 145) caused perigee 
eight nuclei in Sargassum. If such ova are replaced in RE of all 
water, all the nuclei are utilised in segmentation though s ATE oap 
germlings are abnormal. : EN some of the 


The septum (fig. 134 G, t) between stalk and o i : 
thin, but the rest of the wall of the latter thickens and bee 
ferentiated into several layers of which there are usually three (B 
p. 628). Of these (fig. 134 F, G) the innermost (endochite, en) ii 
outermost (exochite, ex) are thin, whilst the intervening one (meso- 
chite, m) is thick and separated from the exochite by a space (g). When 
the oogonium of Fucus is mature, the exochite ruptures and the 
contents, still enveloped by the two inner layers, are set free (fig. 134 
C). The packets of ova are extruded from the aperture of the con- 
ceptacle in a quantity of mucilage; five layers are now stated to be 
distinguishable (02); cf. also (309). In the sea the inner part of the 
mesochite gelatinises and, as it swells, it zuptures apically and, slipping 
backwards (fig. 134 E, m), exposes the ova within the endochite (ax) 
P: 201); rapid solution of the latter and of the intervening septa leads 
to the liberation of the naked female cells (fig. 134 D). The ovum of 
Himanthalia ((70) p. 17) escapes through a small lateral rupture in the 
enveloping membranes (fig. 134 N). ; 

In diverse Fucales the ova remain enclosed in part of the oogonial 
wall for a more or less prolonged period. A familiar example is ue 
nished by Pelvetia canaliculata ((274) p. 208), where the two Inner 
layers persist around the eggs until relatively late stages of embryo: 
development. The mesochite (fig. 134 L, m) is here very thick and 
mucilaginous ((275) p. 46), consisting of an outer structureless ae 
and an inner stratified one interrupted at the equator; in this region 
the mucilage seems to be specially soft so as to allow of the SS j 
tion of the sperms, The thick persistent envelopes are am 
regarded as an adaptation to the extreme exposure to whic d 
Species of Pelvetia is subjected. Among the more specialised Fuct 
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often remains enclosed in the mucilaginous 
ed 0 nes, Which form a kind of stalk adhering to the 
r embra A-C); the female cell is thus retained during 
dÉ e (fig arly stages of embryology. 


SI 
t he e 
eeh and t l 
n the ova are liberated in a naked condition and 


. Cystoseiras S A 
certain À successively and with considerable force from the con- 


ro defi? 


m 


Am A E-G, Bifurcaria brassiciformis (Stackh.) Kütz. (after Delf); 
stal s epum extruded ova; E-G, stages in development of mucilaginous 
H ettrusion SC B-D, Sargassum Horneri (Turn.) Ag., successive stages 
ot ova (after Tahara). ex, exochite; m, mesochite; 0, ovum. 
pta 
mec De 159); the receptacles commonly mature from below 
H 161, Gor) S ers (e.g. C. abrotanifolia, C. foeniculacea (156) p. 135, (eas) 
and the GE 19) the ova remain enclosed in the meso- and endochite 
Te held ont E to form a long tube by means of which the ova 
Us in E surface of the receptacle. The same appears tc 
ta des, an Derha a ((266) p. 729). The oogonia of Cystophyllum sisym- 
ile formed ps also of other species of the genus, are caught in the 
the Projecting mucilaginous hairs of the conceptacle 
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((264) p. 6). In several of the investigated species of Sar 


a 1 
(162) p. 174, (225) P- 167) and Cystophyllum (264), as well as t (6), (a) 


brassiciformis (42,43), the extruded oogonia remain for Some days aria 
attached to the inside of the conceptacle by means of lon ays fi 
stalks (fig. 135 A-D) which, in Sargassum Horneri (a 8 Belatinoys 
and Bifurcaria, are formed by the thickened apex se 

(of the mesochite ?, fig. 135 E, F). The lengthening dista] an wall 
latter curves back (fig. 135 G) and becomes fixed to the insid Of the 
conceptacle so that, as the stalk straightens, the oogonium is puse 
of the aperture in an inverted position. Much the same is FR où 
Carpophyllum ((45) p. 135). In Marginariella (44,47) the swellin ed Er 
chite forms a long tube, through which the contents of the Se meso, 
pass before the three nuclear divisions occur and to the am 
which the ovum remains attached. In Bifurcariopsis end of 


5 (Gos) P: 152) the 
four ova are extruded separately on mucilage stalks formed from th 
mesochite. c 


"The antheridia usually occur in large numbers (fig. 136 A, @) on the 
richly branched paraphyses of the male conceptacles (p. 368), very 
commonly occupying more especially the lower branches, A study of 
the development of these hairs, however, shows that the male Organs 
actually occupy much the same position as the oogonia. The first 
antheridium arises from a cell of the wall ((27) p. 49, (298) P: 176), the 
resulting papilla,later dividing into a stalk-cell (fig. 136 H, st) and the 
antheridium proper (a). The former usually produces a branch, which 
pushes the antheridium to one side and itself gives rise to a second 
antheridium. Since this series of events is generally repeated in- 
definitely, richly branched paraphyses like those of Fucus or Pelvetia 
result (fig. 136 A). In the final stages a number of sterile branches are 
produced. 

Such richly branched structures are not, however, formed in all 
Fucales. Thus, in Pelvetia fastigiata Dat p. 40, (iss) p. 430) and 
Notheia (G7) p. 421) the antheridia usually arise directly from the wall 
of the conceptacle (fig. 136 H, 1), and this is sometimes also so in 
Cystoseira ((56) p. 130, (01) p. 317), Phy llospora (@93) p. 641) and 
Durvillea ((87) p. 560); in Turbinaria (Gs) p. 225), too, the hairs are 
stated rarely to bear more than two or three antheridia. ; 

The antheridial initial of Fucus has a large nucleus with a prominen! 
nucleolus (fig. 136 M), a number of yellow-green chromatophores, al 
alveolar cytoplasm ((76) p» 138, (122) p. 195). ‘Lhe first nuclear diy SUE 
(fig. 136 N, O), bringing about reduction frei, (116), (95) P: 177) by 
succeeded by four further simultaneous mitoses, accompanie ui 
multiplication of chromatophores which, however, no longer i Mn 
any pigment at the 8-nucleate stage (fig. 136 D). When 32 nuci di 
been formed (fig. 136 E), the cytoplasm becomes divided en to 
(155) p» 430, (290), (295) p. 179) by finely granular lamellae (D. ocarpales 
those observed in the maturing unilocular sporangia of Leto“! 
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‚and ; pf, Antheridia and antheridial development. A, B, Fucus vesiculosus L.; 

ions $ rs DE hair; B, liberation of spermatozoids. C, J, K, L, F. spiralis L., 

are f (o Of spermatozoids, C an older figure, not altogether corte 

iy | nucleate stage a L., antheridial development; D, 8-nucleate stage; E, 3 

tain Mbermatozoids” Succ of cytoplasmic units; F, Gi nO = 

ical x en Pelvetia fastigiata (J. Ag.) De Toni, antheridium 9 be 

195) k Fay Veticulosus e 1, Notheia anomala Bail. & Harv., EN early 

FO MIE Re lesse oes Young antheridium with resting RUES 

Ph nn synezesis. a, antheridium; b, blepharoplast; l, cytoplasmic 

ales E 1 stigma; o ee nu, nucleolus; p, chromatophore; pl, plastomeres Ex 
do outer Barton: M C of antheridium. (A, B after Thuret; H after Moore; RU 
| "UD after Yamanouchi; the rest after Kylin.) er 
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p. 117). The last nuclear division results in the formati 
10n 


cells (fig. 136 F; Go) p. 94, @74) p. 203). At this Stage 64 m 
Kylin (G22) p. 196), the somewhat enlarged chrome » ACCOrdin 
which there is ordinarily one to each nucleus a Ophores b 
orange-yellow or yellow pigment, which is stated ae develo 
one side of the plastid. Numerous fucosan-vesicles ani Appear on 
present. oil-drops are prol 
In the Fucaceae, and probably also in certain other R duri 
p. 142, (275) p. 27), the wall of the mature antheridium s Ucales (o Schr 
The male cells, still enclosed in the inner layer, are ext ‚an orlayered, pk 
opening of the conceptacle-as oblong packets GE ted from the Olur 
In the sea the enveloping membrane gelatinises at ane (fe, mucilage, plan 
rarely at both, ends to liberate the minute spermatozoids, D 136 B) or wit 
of the entire antheridium takes place in D alidrys, Cys os Etachment jd 
(225) p. 160), Phyllospora ((293) p. 641), and others, the i ra (8) P: 15, liber 
being liberated within the conceptacle or in the im even EE A 
D H ü ei 3 n [ 
former obtains, however, they probably pass out in a group. e e 
The spermatozoids are generally pear-shaped, wi ; Ja 
pointed and with the longer aloe du dE Ee plan 
Their detailed structure has been much disputed. Behrens d no C). artif 
and Strasburger ((255) p. 361) distinguished a large nucleus Su A D Do 
envelope of cytoplasm, while Guignard ((76) p. 142) o hes dur tion. 
bulk of the body consisted of cytoplasm with a relatively small posteri i HE 
nucleus (cf. also (122) and fig. 136 C). More recent investigations b nl 
Kylin and others ((125), (149) p. 278, (203), (206)) have, on the whole, sup- d 
-ported Strasburger’s view (cf. however (143), (144) p. 129) that the BC je: 
part of the body consists of nucleus (fig. 136 J-L, a). been 
The eye-spots (fig. 136 J-L, s) of the spermatozoids (cf. also (146) are DI 
formed from the chromatophores (cf. however, (149) p. 289), which Ar 
reacquire pigment during the final stages of antheridial development duet 
(cf. above); they are stated to contain only carotene, possibly with some porte 
xanthophyll. In Pelvetia and certain species of Cystoseira an eye-spot ` P mm 
is lacking (220). Retzius (203) p. 5) first observed other inclusions in the Ins 
cytoplasm of the mature sperm (fig. 136 J-L, pl), which he suggested cone 
were mistaken by Guignard for the nucleus. They commonly occur libe 
singly, although sometimes there are several ((125) p. 75, (149) p. 280), and follo 
are believed to be comparable to the plastomeres frequently found in dii 
animal spermatozoa. The flagella arise from a blepharoplast (basal A 
granule, fig. 136 K, L, b), which Meves regards as homologous with a place 
centrosome. The longer posterior flagellum extends backwards within "m 
the body as far as the eye-spot, where it passes to the outside (fig. 136 + 
J-L). According to Retzius ((2o3) p. 8) the flagella taper at their Gs " 
The mechanism of liberation of the sexual products is still not clear. e 
na damp $. 


my escape can be observed if ripe receptacles are placed i 
chamber. In the littoral Fucaceae mucilage, containing pack 
and spermatozoids, is often seen at the apertures of the concep 


ets ofovà x anter 
tacles f "ul 
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le plants these masses are commonly yellow 
f the next tide the gametes are freed and 
place. It is tempting to suppose that in such 
ee es out of the conceptacles, but this is in all 
((s3) P- 629). Extrusion frequently takes place 
mergence ((12) p. 61, (183), (228) p. 82) and 
S) observed the most marked liberation of sexual 
2 „atus after the thallus had been under water. 
(679 P- 93) states that it ceases after some time in drying 
r commences vigorously when they are returned to sea- 
but r (one 56) concluded that the species growing at higher 
re jore require a longer period of exposure for a maximum 


:jn ma 


cont 
in the P 


lin are incre 
mucilage wit 


136) P 276) 2 i 
Fe ater showers of rain, a phenomenon which can be reproduced 


artificially in the laboratory (cf. also (G29 p- 523). Increased turgor in 
Aerch of the wall might result after inundation owing to concentra- 
tionof the sap during exposure (cf. however (170) P. 36). In the many 
Fucales growing permanently submerged (Cystoseira, Halidrys, etc.) 
such external factors cannot come into play, although the rise and fall 
ofthe tide will involve alterations in light-intensity and in hydrostatic 
pressure that may affect turgor. Extrusion in Cystoseira has in fact 
len found to be accelerated by illumination ((184) p. 332) and in 
nature takes place during the early morning hours. 

Among submerged Fucales a periodic liberation of the sexual pro- 
ducts, not necessarily at regular intervals, has frequently been re- 
ported ech, (263), (264), (265) p. 143, (267), (268)); Moser ((156) p. 132) 
Eer fortnightly liberation in all the Fucales he examined. 
SC ne an intermittent production of mucilage within the 
N See swelling of the mucilage is perhaps part of the 
Fie hecnanism. Escape of the sexual cells no doubt often 

5 the tidal rhythm, and this may remain so for some time 
ining constant submerge d ; 

Sin othe Bence ((7e) p. 16) RE D 

T oogamous Phaeophyceae, fertilisation in Fucales takes 
ration of theova. If sexual packets froma ripe receptacle 
i e into a watch-glass, the liberation of the gametes 
bp 496) dits Em fusion are readily observed ((189) p. 144, (74), 
stances (c (2) 8h fertilisation has been followed only in a few 
ot 137 A) ote MAE (255) p. 362, (277)). Large numbers of sperms 
s flagellum SE ova, to which they become attached by the 

iin Pucus dl ile the posterior one continues to move vigor- 
Ascophyllum this is sufficient to set the egg in 
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Fig. 137. A-D, fertilisation. A, C, Ascophyllum nodosum (L.) Le Jol.; 
A, spermatozoids and ovum; C, passage of male nucleus (m) to female (f). 
B, D, Fucus vesiculosus L.; B, penetration of male nucleus (m) into female; 
D, male nucleus (m) in contact with the female (f). E, F, F. vesiculosus L., 
nuclear division in oogonium; E, prophase of first division, 32 bivalent 
chromosomes; F, polar view of late prophase of third division. c, c', centro- 
somes; ch, chromatophore; f, female and m, male nuclei; s, spermatozoid. 
(A after Thuret; C, D after Farmer & Williams; the rest after Yamanouchi.) 


sperm-nuclei pass into the female nucleus and, when this is so, à 
corresponding number of centrosomes appears, which proves that the 
second centrosome observed in normal fertilisation is associated with 
the penetration of the sperm. This centrosome is possibly derived from 
the blepharoplast of the spermatozoid. During the first hours ST 
ceeding fertilisation there is a great increase in oxygen-consumption 
(283). Abe (2) failed to observe centrosomes in Sargassum. 

` Behrens (19) p. 102) no“doubt interpreted binucleate ova 2° stages I 
fertilisation (cf. (52) p. 483). 
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p. 634), at the time of fertilisation, the surface of the 
ed with conical projections bearing a number of fine 
these disappear after 3-5 minutes. Similar features 
d in Cystosewa Lea) p. 746, (156) P. 138) and in Fucus- 

ic solutions (57). Winkler (206) observed pene- 


h hypoton! 
oids into non-nucleated fragments of Cystoseira- 


rmatozol- “ z ` S 
tion 0 spe hich afforded germlings of small dimensions: Mo 
fa of whl ; ECT ` , ser 
era] "E me failed to obtain their germination. 


e frequent dioecism fertilisation can only be achieved 
taneous production of large numbers of gametes which 
gled by water-movements ; there must, however, be 
come ! wastage (236) P- 285). 'The heavy ova tend to sink, although 
N moral Fucales the devices described on p. 373 keep the female 
inthe su! According to Kotte (112) the spermatozoids of Fucus serratus 
ge phototactic and aerotactic, as well as Positively geotactic 
enr will tend to follow the sinking ova. Chemotactic attraction 
sis ER due to a substance excreted from the latter and the re- 
Ce js a phobic one (cf. also (163) p. 65 1). Bordet (26), however, main- 
us that the sperms are mainly sensitive to contact. 
parthenogenesis, which has been induced experimentally in Fucus 
(us; cf. also (265)), has not been observed in nature ((110) p. 202) and 
germination of unfertilised eggs IS only rarely recorded. In suggesting 
possible parthenogenesis in Notheia, Williams ((293) p. 639) does not refer 
to Barton’s record of antheridia. 


50) D, 
"i s of th 
ifthere 15 à simul 
i intermin 


Inview of the mixed populations of Fucales found on many shores, 


itislikely that hybridisation will occur, although there are few satis- 
fxtory records of the presence of hybrids in nature. When spermato- 
ut of one species are brought together with ova of another species 
3 peer or of a different genus, there is active attraction, although 
Ié Ki ensues in certain instances. Thuret (@74) p. 206) first 
i recorded fertilisation of the ova of Fucus vesiculosus by the spermato- 
L, g ‘sof F serratus and the putative hybrid has been described by 
lent Sanageau (fers) D 166, (217). Thuret was, how2y ful wit} 
tro- other Fucaceae and Gët t btai e tesla ei ee 
id memi 0 obtain the reciprocal cross between the 
hi) sane aa » although this was subsequently achieved by 
A ad ges wer bes a supposed hybrid between Jp. spiralis 
m sing Ascophy hum vj S (292) obtained some positive results in 
th Se between the v species of Fucus and records a plant inter- 
ar tie (co rn genera (cf. also (156) p. 152). 
e dii m P ande pipe num Des of crosses between 
‘an Se were obtained id a aiher „Parent as the male. Ova of 
d ina 10, Sn a pacitating the sperms by brief im- 
Ti i mature a chloral hydrate In sea-water or in 10°, 
in) s Dems are ʻa were also dissected out of the conceptacles. 
agen (lars readily Separated from the rapidly sinki yi 
Nose t (ets) p. 161) h [a 1e rapidly sinking ova. 
Mies (fo, as described probable hybrids between the 


u4 E vie : ; : 
+ 5, p. 325); these resemble P. vesiculosus in the 
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presence of bladders and in being dioecious, while the Tee 
more like those of F. spiralis. It still remains doubtful whens ate 
and other similar transitional types, found at the limite sr these pet 
occupied by the various species of Fucus, are actual hybrids the Zones gn 
forms. In commenting on this point, Kniep (ao) 5 Or habits n 
that the apparent scarcity of hybrids in nature may n Suggest, of 
suitability of the habitat or to inability to withstand com UE to un. fic 
the parent-forms. Petition with w 
gif 
THE AFFINITIES OF FUCALES d 
Many authorities have assumed a certain measure of rel EN r 
i 1 4 thy H 
between Laminariales and Fucales which have been STR Fa 
diverging from a common ancestral source comprising forms SCH 2 
Ectocarpales (cf. e.g. (110) p. 187, (124) p. 57). In both Dem i E 
and Fucales the thallus is a large diploid parenchymatous body Uu di 
despite differences in the method of growth, shows a considerable im 
degree of similarity in anatomical structure, although display l 
merely the culmination of tendencies manifest already aer of 
polystichous Ectocarpales. Perhaps a fuller investigation of the m 
Antarctic genera Durvillea and Ascoseira will shed light on the nature ric 
of this relationship. There are, however, very significant contrasts in the 
reproduction between the two orders, since in Fucales a separate de 
gametophytic phase is altogether lacking. The frequent reduction, in Th 
cultures, of the female gametophyte of Laminariales to a unicellular Ip 
state, a condition which is apparently the rule in Saccorhiza nt 
(p. 251), has been regarded as illustrating a stage in the retrogression any 
of the haploid phase which has culminated in the condition found in d 
Fucales ((r10) p. 185, (124) p. 57, (260) p. 184, (261) p. 372, (262) p. 44). The M 
first two nuclear divisions in the oogonium are interpreted as a tetrad- als 
division within a sporangium (cf. also (256) p. 4) in which, however, n 
the spores are not individualised. Each, after a brief resting period, i 
gives rise to two potential ova which represent all there is of the e 
female gametophyte. It is not so easy to extend this interpretation t0 A 
the antheridium. N 


It may be doubted, moreover, whether any such detailed attempts 


at homology are profitable, since there can be no question oa wh 
direct derivation of Fucales from Laminariales or other specialist 


i W 
group of Phaeophyceae. It seems more probable that the So n 
mechanism of the former has originated from the tendency for j o 
asexual zoospores to behave as gametes, evident in diverse evolutionary in 
lines among the less specialised Brown Algae (cf. pp: 128, 131 ER 1 
Such a view does not necessitate the assumption of a reduced E Lu 
phyte, although, like the hypothesis stated above, it ultimately. as ) 1 
the sex organs of Fucales from unilocular sporangia: Ein il 
P- 439) suggests such a possibility, although sceptical as to the Sey 


Y 
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s of unilocular sporangia. Whether the occur- 


mer og ` : ` 
a en the antheridium is a valid argument against such 
eptation 310) can only be determined when the nature 


(USER TN 

thesis (teo Petter known. There can be no doubt that the 
or 

geptat! 


long history behind them, and it is inadvisable to probe 
a 


ces 
son the on 
as well a 
i, disputes 
1 
m forms E is conflicting (46) p. 227, (43), while, if the sex 
on the pure Fucales acquire a plurilocular character at maturity, 
` st be secondary and altogether different from the condi- 
this d 


j ; ical plurilocular sporangium. 
Do Co De ter (cf. also (312) p. 82) the Fucales have 
jo “al h the evolutionary line exemplified by the parenchymatous 
Rare Ectocarpales, among which there is replacement of 
KZ by apical growth (p. 112), as apparently occurs also in 
the germling of Fucus (p. 349). As already emphasised, however, the 
derivation is remote and there appear to be no intermediate forms. 
The few, uncertain, fossil forms that have been ascribed to Fucales 
lei (85) p. 94) do not afford any clues. The suggested relationship 
with Encoeliaceae, already discussed on p. 365, does not carry one 
any further. Delf (46) p. 236), in assuming an affinity with Meso- 
gloeaceae, overlooks the fundamental differences in basic construc- 
tion, The filamentous character of the medulla in the Fucales origin- 
ates secondarily from a primary parenchymatous state, and there is 
no evidence whatsoever that the parenchymatous type of thallus’in 
Phaeophyceae is derived from the pseudo-parenchymatous one, 
although Church ((33) p. 32) made such an unwarrantable assumption 
Eege (@37) p. 265) evidently has some such hypothesis in 
Mu specialised member of the Fucales are charac- 
iss ig Br MS of the Northern and Southern Hemispheres, 
Widespread ae invaded the warmer areas of the world. That such 
Comparatively oe S Cystoseira, C ystophyllum, and Sargassum are 
Ta only Dre E ane still in course of vigorous evolution is shown 
Muminthe cogon: orphological features and the presence of a single 
The foi ias um, butalso by the multiplicity of ill-defined species. 
ting account Er an epitome of the classification adopted in the fore- 
< (103) p. 179, (179) p. 186): 
t emg Phyllum, Axillaria, Cystosphaera, Fucus, Margina- 
thalia, eirococc elvetia, Pelvetiopsis, Phyllospora, Scaberia, 
us, Xiphophora. 


aceae: 
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2. Himanthaliaceae: Himanthalia. 

3. Cystoseiraceae: Bifurcaria (Pyenophycus), B 
glossum, Cystophora (incl. Blossevillea), CYstophyllum P 
Halidrys, Landsburgia, Platylobium, Platythalia 4 

4. Sargassaceae: Acystis, Carpophyllum, C 
(incl. Anthophycus, Pterocaulon), Turbinaria, 

s. Hormosiraceae: Hormosira, Notheia. 

6. Durvilleaceae: Durvillea (incl. Sarcophycus), 

7. Ascoseiraceae: Ascoseira. 


Oseira 


occ 
Occophora, Sargassum 


THE ECOLOGY OF FUCALES 


Some reference has already been made to the marked zonati 
hibited by the littoral Fucales on northern shores, odia, 
culata and Fucus spiralis occupy the uppermost, F, serrat 
Himanthalia (fig. 117 A) the lower levels, with Ascophyllum and 
vesiculosus (fig. 117 B) in intermediate positions ((37) p. 2008 ue 
(99) p. 191); on more northerly coasts ((2) p. 743, (101) D. ti A 
p. 195) F. inflatus usually replaces F^. serratus, while on the vec 
of Sweden the place of Pelvetia is taken by Fucus spiralis ((121a) P. 225) 
On shores exposed to the full force of the waves F. serratus SS 
phyllum ((73) p. 418, (994) p. 321) and Himanthalia (Gora) p. 8) did often 
lacking (cf. however (101) p. 112), while On Wave-swept coasts in the 
Faeroes Boergesen found only F. spiralis and F. inflatus. Cotton 
records a bladderless variety of F. vesiculosus (var. evesiculosus) in such 
habitats and states that the size of the frond (cf. also (tor) p. 30, (oy 
p. 140) and the number of bladders in the type increases with the 
degree of shelter, Rees (G94) p. 85; cf. also (303)) produces similar 
data for the distribution of littoral Fucales in relation to intensity of 
surf-action, although he points out that other factors concerned are 
the angle of slope and the nature of the surface of the rock (cf. also ton 
p: 109, (192)). The relative levels of Ascophyllum and Fucus vesiculosus 
vary (@2) p. 744, (37) p. 55, (101) p. 111, (228) p. 63) and Zaneveld ((300) 
P- 447) discusses the possible causes. By contrast to the abundant 
representation of Fucales in the littoral region on northern shores, 
the bulk of the New Zealand members occur at and below low tide 
level (876) p. 518), Hormosira being the chief emergent form. 
There can be no doubt that the littoral Fucales are well adapted to 
their habitat. Fucus vesiculosus, F. serratus, and Ascophyllum node 
are resistant to cold (G23), (168) P: 7, (253) p. 50), while in summer the 
thalli may reach a temperature of 34-36° C. withott apparent GE 
although Grubb ((73) p: 413) states that J’. serratus is more suscepti d 
to summer-heat than F^. vesiculosus. The pronounced zonation TA 
doubt to a considerable extent a result of a differing capacity to Ge 
desiccation ((11), (12), (35), (73) P. 421, (108) p. 123), both during E x 
tion and vegetative growth. According to Zaneveld (Goo) P: SE 
forms in the upper zones have thicker membranes, a higher 


On ex. 
canali. 
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ch their dry weight on evaporation later than those 
it, 4 d also (96), (188), (232) p. 536). Baker (az) P. 67) also 
ower (cf. the dilated receptacles filled with mucilage, charac- 
ention Er. occupying the upper levels. Halidrys siliquosa 
he $ as withstand even a short period of desiccation (@53) 
Gier although more resistant (97), is very susceptible 
al and evanescens is likewise resistant to desiccation (158), 
P? ost, Fucus and F. ceranoides can withstand lowered salt-concen- 
while the other two British species do so less readily 
58). Such conditions have no effect on the formation 
vhich are, however, sterile; cryptoblasts, on the other 
ced in number or lacking. Kniep (105) was of the 


a 


st can 
by con 


vlt: 
{ D gesiculosus 


ations 61,209 


cf, also (105) P- 
of receptacles V 


Woe fand, are redu 


nali. sinn that the increasing salt-concentration at lower levels played 
and D the distribution of the littoral Fucales. 
ucus ardle I bable that the practical restriction of the littoral Fucales 


; impro à à ERU e 5 
rada region is dependent on illumination, although Gail (59) 
t0 


s that the lower limit of Fucus evanescens is determined by 
concludes tha à MEI ta d 
dis factor. Montfort (153), however, investigating photosynthesis of 
E vesiculosus at various depths, decided that the distribution of this 
species is not influenced by depth of submergence (cf. also (1902) 
p.70). Both it and F. serratus (Gn), (92) p. 134) are adapted to high 
light intensities and are the equivalents of sun-forms among land- 
pans. At the same time they can also carry on effective photo- 
synthesis in relatively feeble light, and their active growth during the 
arly months of the year is due to this capacity at a time when respira- 
tion's inconsiderable owing to the low temperature ((92) p. 134). There 
isevidence that in both species there is a seasonal variation in reaction 
light and temperature (s4). Stocker and Holdheide (253) found that 
considerable photosynthetic gain is possible even during periods of 
‘posure, although the capacity for photosynthesis is gradually lost 
on drying; this is, however, accompanied by a reduction of respiration 


i KE Exposure to rain results in a reduction of photo- 
ynthesis, 


The littoral 
Matkedly adapt 
lo resist extrey 


Fucales thus constitute a distinct ecological group, 
ed to a subaerial mode of life and with a great capacity 
Bis under ae conditions and to effect considerable assimilatory 
ons is Wës me ces, Their adaptation to subaerial condi- 
Nerse species Ee ayed by the plentiful occurrence of forms of the 
though the S SC in the vegetation of salt-marshes. 
ATE also Widely re €mbers of this order are normally lithophytes, they 
ching Mec pied by unattached growth-forms which lack 
Propagate solely È of the Saxicolous types and for the most part 
Us feature ave means. Such forms are often a con- 
in the ES ora of salt-marshes,! where they are found 
ec. 9r interlacing with one another and with the 
Pecially (13), (14), (30), (37) p. 78, (194) p. 114. 
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stems of the halophytic seed-plants so that t 
by the tides. They probably play an impor 
following upon the filamentous Green and 
constitute the primary colonisers, and form a seed-bed 
as well as a protection during early stages of germi (fig. 
phanerogamous halophytes ((13) p. 282, (14) p. 371) EUR 
of course subject to desiccation for a number of days in St of the 
in place of the usual daily exposure. On the coasts of M fortni 
the southern limit of its range, Fucus vesiculosus is re r Orocco, 
salt-marsh forms (147). Presented on 
Most of the littoral Fucales, except Himanthalia ian 
to such growth-forms on British salt-marshes. Ap ae ae given rise 
valent vegetative reproduction, these forms are han pre 
ya 


hey are not 
tant rôle EG 
Blue-green 


ght, 
Near 


ly by 


Fig. 137 bis. Fucus vesiculosus L. var. muscoides Cotton (after Cotton), sward- 


formation; intermingled are scattered plants of Statice maritima. 


caes 

dwarf habit (fig. 138 F, G) and frequent spirality (fig. 138 A, B, G)or ls 

curling of the thallus. The dwarf habit has been attributed ((4 p. 357) and 

to the greater degree of exposure (cf. however, (228) p. 68), and to the Ln 

shorter period of immersion in sea water which is moreover often litle 

diluted. This factor is also believed to bring about the reduced width bear 

of the thallus, while spirality or curling has been ascribed to the tine 

reception of more moisture and nutritive salts by the side of the Pn 

thallus adjacent to the mud during intertidal periods. A spiral form flio 

, of F. vesiculosus has been obtained by placing plants entangled M Sa 
FA wire-netting on a Spartina-marsh ((98) p. 63). No satisfactory ^" the} 
planation for the customary sterility has yet been afforded ((14) P: 364 (Cha 

(134) p. 144). ; th 

The salt-marsh forms of Pelvetia canaliculata, like the sde D 

form, occupy the upper levels and several different kinds have 9° 5 

PA 
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277, (29) P- 206, (159) p. 65, (49)). One of the 
= un as var. libera (fig. 138 E), which lies loose 


shy plants are dark brown and copiously 


overing is formed over the soil. In the rarer var. 


e 
ike he now 2 
fund DY Foslie ((56) P- : 
dosum is represented mainly by small forms of var. 
(un p- 329, 039) P: 205), which is widespread in the loose- 
gode (UE 5 of the North Temperate zone (p. 387), and by a 
i Ca as var. Mackaii Cotton ((37) p. 128, (130) p. 202), which is 
om ino ranked as a separate species 18). The latter (fig. 138 D) 
BE lar tufts which are often of some size and consist of a 
k UM plants, with or without small air-bladders; it appears to 
2 directly by vegetative propagation from broken pieces of the 
ordinary lithophyte ((139) p. 203, (159) P- 67). : 
The forms of Fucus found on salt-marshes are very diverse and, 
athough they are doubtless all derived by vegetative propagation 
fom saxicolous types, the profound modification and the customary 
absence of fertile conceptacles make it difficult to establish their true 
affinities, In a survey of the British marsh-Fuci Baker and Bohling 
(wp. 330) refer most of them to F. vesiculosus (cf. also (212)) and class 
them in three groups—the relatively large spirally twisted ones (ecad 
nii, fig. 138 A), the turf like forms (ecad caespitosus), and the 
fliform ones (ecad muscoides) ; numerous transitional forms are recog- 
nsed. Those placed in ecad volubilis (incl. F. volubilis Huds. and 
F. lutarius Kütz.) agree to a considerable extent with comparable 
ES (fig. 138 B) found on the. continent (see below). The ecad 
ied corresponds to the plant called F. balticus Ag. (F. vesicu- 
x = ARR Harv., F. vesiculosus var. balticus (Ag.) Cotton), 
Dus En as an undergrowth in British salt-marshes ((37) 
litle = an It is a dwarf, prostrate or erect, form showing 
bears pales © pine thallus is devoid of midrib and air-bladders, 
imes show degt cryptoblasts, and the conceptacles some- 
oe = oogonia: The var. muscoides (fig. 137 bis; (37) 
m fronds. ) differs from this only in its erect growth and 


DT no 


Sauvage 
: na (15) p. 106, (229)), who undertook a detailed study of 
^) Kütz. panish salt-marsh Fuci, referred them to F. lutarius 
d hallus 30-4 vesiculosus var. lutarius Chauv.). The projecting part 
oid lair blad J cm.) is narrow and spirally coiled (fig. 138 B), often 
% Mently ma ‘ts and provided with scattered cryptoblasts which 
"ginal in position (fig. 138 C, c). The part buried in 


26 
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(10) 
possi 
Si 
dout 
the | 
form 
altho 
habit 


Fig. 138. Unattached forms of Fucales. A, Fucus vesiculosus L. var. volubilis 
(Turn.) Baker (about 1/6 nat. size). B, C, F. lutarius Kütz.; B about 2/3 au 
Di C, apex of a branch enlarged. D, Ascophyllum nodosum (L.) Le Jot (b) 

ackaii (Turn.) Cotton (about 3/4 nat. size), E, Pelvetia canaliculata (1 


Decsne & Thur. var. libera Baker. F, G, Fucus spiralis L., salt-marsh form 


Z2 (slightly reduced). a "n . y, receptacles: 
a : a, adventitious fronds; c, cryptoblasts; 7, tafter One 
Meer Deor & Bohling; B, C after Sauvageau; E after Baker; the res Ter 
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e © 
althous 
divi ` as an 


t 
“age of an ed Fuci of British salt-marshes were first ((13) p. 283; 
4 rally 


57) referred to F. volubilis Huds. which shows many 
KC (E lutarius. The plants (fig. 138 A) vary considerably in 
S to Sal oblong air-bladders ; the rare receptacles display 
d bear Op d by Sauvageau. The latter subsequently ((28) p. 70) 
rms devoid of air-bladders to F. lutarius (cf. also (147)) 
ssessing them to F. volubilis. Chemin ((32) p. 154) is of the 

and those PO he two sets of forms are not distinct. 
on that (a p. 57) criticises Baker and Bohling’s reference of the 
Fucoids to F. vesiculosus. He argues that the sole presence of 
marsh lants is no proof of derivation from a dioecious species, since 
female i conditions might just as readily lead to abortion of the 
ri ina bisexual conceptacle as to the suppression of malc plants 
tale (170) p.39). He is of the opinion that F. lutarius may have been 

derived from F. spiralis. : 

Aremarkable silt-inhabiting form, growing to a length of 20-50 cm., 
has been described by Nienburg ((165), (166) p. 161, (170)) from the North 
Frisian “Wattenmeer " under the name of F. Mytili. Its sole anchorage 
isaflorded by the byssus-threads of the Mollusc Mytilus. The plants, 
which show a tendency to twist and only rarely possess air-bladders, 
have plentiful cryptoblasts. Only female conceptacles with normal 
wogonia are present, but the packets of ova are not liberated. The re- 
ceptacles proliferate into well-branched fronds which become free by 
day, and this is believed to be the normal method of propagation 
(tn) p. 35). The parentage of this peculiar form is obscure, but it is 
possibly derived from E. vesiculosus. 


opini 
Sauvageau 


Kn SE of Baker and Sauvageau above discussed an un- 
i = eos form of F. spiralis has been recorded (69) p. 431); 
[ra i the small thallus (fig. 138 F, G) is embedded. Marsh- 

®t ^ ceranoides are also known (@4) p. 340, (160) p. 437, (259), 


alt 

vt F. serratus does not appear to be represented in such 
Iubilis Simi i 
; zt " nk ane thalli of diverse Fucales often occur in 
et Quieter land lock Bye ne forms in the sublittoral region of the 
forms Ä Med from BE AES (Go) p. 218, (231), (258) p. 35). They are de- 
acles. Mo these wate ed fragments, which have been carried by currents 
after One of "Sand there continue to propagate by vegetative means. 


e 
Temperat commonest 
ltp geo SEAS is Asc 


teree "1 (199) p, 
He, devoid of RUNE 


forms appearing in this community in North 
ophyllum nodosum var. scorpioides ((178) p. 41, 
@20) p. 7), in which the main axes are almost 
dders, and bear only occasional laterals; where 
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such forms are not continuously submerged th 
compact and approximate to those found on eM e a 
(139) p. 204, (272) p..209). Marshes o 
Certain forms of Fucus vesiculosus play a Ver g e 
the loose-lying communities of the Baltic ie ronsiderah 
pp. 35, 84; see also (8), (14) p. 338). Many of dics 
under F. balticus, show considerable parallel with 
types, although they lack the characteristic s 
thallus. In the eastern parts of the Baltic, where 
progressively lower, F. vesiculosus fruits mor 
is ultimately represented only by reduced y 


are m 


e, former] 
the larger 

Piral curlin 
the salinit 
€ and mores 
egetative for 


of th 
y becom, : 


Paringly ang 


(106) p. 95, (113) p. 80, (313); cf. also (105) p. ; OEMS (71) p, 
records similar dwarf-forms of F. D Pd foe Jonsson (0) p. 5 nS 
loose-lying form of F. serratus, found on muddy E Greenland, und 
been recorded from Scotland (159). In the loose-lyin ag Shingle, has d 
Adriatic (631) p. 72) species of Cystoseira play an EE m 
plants consist of detached axes covered with new E parti the N) mm 
The most striking of the unattached forms is the ie E fe 
occurs in huge floating masses in the Sargasso Sea poi Which n 
coast between 20° and 35° latitude N. ; Parr (182) fne E African form 
data. There is considerable evidence (cf. (24), (28) (80a) aa ea 
(213), (294)) that these immense tracts of driftin S Sep Don ` 
GE e HF aritting Sargassum are formed Up 
y continuous vegetative reproduction zz situ of Occasional detach Dec 
saxicolous individuals, carried there by ocean currents The S s ot 
tea especially by Kuntze ((:8) P- 197; cf. also (249), SE d 
en SS in the main of an accumulation of detached plants, shor 
© Support in recent years. Attaching discs have never m 
peen found on the plants of the Sargasso Sea and investigation on the Gë 
EE, 
GE ` reaches the same conclusion by of th 
y Of the attached growth found on the Gulf-weed. Winget) d 
ae Sjöstedt (246) record a considerable increase in the amount of a 
Ede br ms Pak mug | € 
West Indies, The newly d » WE ants from Central America E h a 
conceptacles with y detached individuals sometimes show REH Be 
ee Sex organs, but these appear to be functionless and, Bon 
Gon E inge, occur only in the westerly parts of the Sargasso in 
E 
SE (a) p. 6) recognises two “species” in the Sargasso Sen, ^ 
Ae e SC k d bacciferum C. Ag.) and more rarely 5. Du | i 
marked elongatio En Both are sterile and exhibit Ana P: 
Species of Sa Be dne branches, as compared pini 2. es, 0 A 
eg), Gu EE Winge distinguishes eight different tyP ance ts the 
SE y three are common. There is considerable resem us b m 
cen S. natans and certain of the attached West Indian sP* COR 


(S. vulgare, S. Fi tlipendula), and Boergesen is of the opinion n 
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Meter parent from which the free-floating 
; e 1s P cimens of Sargassum are very commonly 
Mer, rth Atlantic. 

the No the diverse forms found in the Sargasso 

own littoral species has led to the hypothesis that 
the mains of the littoral girdle of the continent 
migh o). This conjecture, however, overlooks the pro- 
they ntis ((68) P 2 hich the detached lithophytic Fucales undergo 


m 0: present th 


Ouped | 
A Action W : : 
manh E gyod modii. loose-lying existence. 

i une on to a loose-!y 
te f Oe adapta 
=COmes 
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Class X- RHODOPHYCEAE 


ae fall 
he 


1 ; ma 
stitute a re i : 
I har diffuse growth they offer a sharp contrast to the Florideae 
n 


which comprise the vast majority of the a m Growth is here 
| seed by an apical cell which is commonly ome-shaped (figs. 151 
Ka B, ac). Another characteristic feature, lacking in Bangiales, 
Med by the well-marked pits (fig. 139 B, pi), occupied by 
troad cytoplasmic strands, that occur in the septa between adjacent 
als (p.446). In the least specialised members of Florideae (Acro- 
dium) the plant takes the form of a heterotrichous filament (fig. 
190. L 184,B)andno simpler types of body are known. The heterotrichous 
: SET fhment is also encountered in Erythrotrichia and other Bangiales 
gor, | leu G), while the freshwater and terrestrial members of the latter 
Notisen | inpart exhibit unicellular and colonial states (fig. 143 D, H, I, S) 
which are probably the result of reduction. 
Asin Phaeophyceae (p. 21), the heterotrichous habit is recog- 
nile in the juvenile stages of most of the less specialised Florideae 
(Nemalionales, figs. 151 B; 153 C), although in the more advanced 
= is obscured and in the Ceramiales a prostrate system 
ven A Ee The manifold types of thalli (@) p. 5) 
n | ms e of compactness, but are invariably pseudo- 
id Sen ey are composed of dense aggregates of the 
ac L mns Ee (uniaxial types, fig. 154 C) or more (multiaxial 
inis get, for 159 À) richly branched filaments which, in the 
oa lew ec Ims, arise from the prostrate system. The resulting 
“pious anita cylindrical (fig. 163 B, C), with more or less 
| Meus, for Së, although a marked foliaceous development 
fi 192). Iluminati in Gigartinaceae (fig. 174) and Delesseriaceae 
ei thet illus (o) à may play a róle in determining the organisa- 
N am (? p. 602). Morphological elaboration is far rarer 


Ang B 
icti, in ae Algae and relatively few Florideae show 
"Bien these ard form (cf. pp. 502, 568). The full considera- 


matters on p. 450 et seq. renders a further discus- 
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sion unnecessary. Few Red Algae attain to Em 
although a considerable number are perennial S 
smaller portion of the old frond usually persists D habit: : 
growth arises ((150) p. 235). Tissue-tensions, chitin from it 
Phaeophyceae, are occasionally manifest (13) e to those 
The vast majority of Florideae are marine DA 34). 

water representatives (Batrachospermum, Lemanea T Of the 
also (227) belong to the less specialised groups; in , Tildenbra, 
well-aerated habitats (rivers and the littoral re „general th 
of the marine Florideae are sublittoral and Bion of lakes), 
water and, when the latter is clear, can Penetrate to y 
depths ((16), (202) p. 177, Ges p. 483, (252) p. 135); s 
be obtained by dredging, unless cast up on dio Orms 
Certain Florideae (species of Gigartina, Laurencia L Storms 
however, form extensive belts in the littoral region Mecum, ete] 
substrata are available, Red Algae occur in this posit Where suitah 
Tropics (34). On the other hand, many Florideae fon Even in the 
tide-levels on temperate and other shores, are cons er between 
pools and are evidently incapable of withstandin P the rock. 
A number (species of Catenella, Bostrychia, etc.) are A ted ta 
brackish water, being characteristic members of cern a ix in 
marsh vegetation and of the flora growing on the a of salt ! 
mangroves. Although distributed over the tropical | consi 


whole surface of the | 
à S : 2 ? earth, mater 
the greatest abundance of Florideae is met with in the warmer seas plasm 


(cf. (60) p. 281, (62) p. 281, (208) p. 329, (209) 2 i 
Australasia. al Pi 


nside 


fresh. 


The Rhodophyceae are distinguished by a complete absence of all and o 
motile stages, both the male cells and the diverse types of spores being times 
devoid of organs of locomotion. There is indeed no evidence that of sor 
motile types have ever occurred in this class, supposed flagellate mater 
representatives (e.g. Rhodomonas) having proved to belong to an resist 
altogether different affinity. One of the criteria that serves to demon: f St 
strate the homogeneity and probable separate origin of Chlorophyceae, Ceran 
Phaeophyceae, etc. is therefore lacking. On the other hand, all appos 
Rhodophyceae possess accessory photosynthetic pigments of a dis y B 
tinctive and similar kind, while the products of photosynthesis ayers 
(Floridean starch, etc.) are equally characteristic. These features, while 
taken in conjunction with the many striking morphological charac- UE 


teristics of Florideae (apical growth, filamentous construction, pit- Strati 


connections), the universal oogamy and other marked peculiarities 1 
the processes of reproduction (p. 599), all tend to suggest a Sn 
ancestry from which Bangioideae and Florideae probably divers? i 
mM Er stage. T'he Red Algae exhibit no clear affinities wi 
asses and are commonly grouped as Rhodophyta, by contras 7 reir 
Chlorophyta, Chemie eee cie, Or knowledge os 
fossil history is negligible (cf. (188) p. 96) and sheds no TE 
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ed Corallinaceae are met with from the 


ifi : óle i 
calc layed an important róle in the forma- 


S and have H 


THE CELL-WALL 


s are generally recognisable in the cell-wall (t) 
B5 jin Ermer layer adjoining the cell-cavity often consists 
FING The inner, E 142, 02), (10) p: 30, (12) p: 420, G5) D. 154, 

P^. of cellu ), 684), while the outer layers are composed of 


(wt H "e also (t75 , : 9 pra 
Wee? s cf. al In certain Florideae (Cystoclonium, Gelidium, 


substan alle are coloured blue by iodine ((94) p. 362, (108) 
d Sauvageau ((203) P- 10) ascribes to the presence of 


7] whic 


N CH Hansen (86) p. 284) records a red coloration of the middle 


imo eh jodine in species of Gracilaria. In the living cells of 
pir kedly stretched and com- 
lorideae the membranes are markedly and com 
a result of the turgor of the cell-contents so that, on treat- 
ei? hypertonic solutions, the shrinkage of the protoplast is 
Un Za by a decrease in the dimensions of the cell, as well as by 
P omunced increase in the thickness of the wall (ei p. 414, (97), 
(oy) p. 125, 459) P- 150). This feature 1s responsible for the often 
considerable thickness shown by the cell-membranes in preserved 
material. The resulting difficulty in osmotic determinations by the 
phsmolytic method is met by Hoffmann (96) by utilising for such 
purposes the first indications of cell-shortening or membrane- 
swelling. According to Kylin (G35) p. 242) damaged cells of Grifhthsia 
and of Antithamnion plumula exhibit an increase of the cell-wall to ten 
times its previous thickness. The “cuticle”, apparent at the surface 
of some of the coarser forms, is probably a denser layer of pectic 
material in some instances ((8) p. 5, (so p. 24) it has been found to be 
resistant to strong acids. 
Stratification of the membrane is very prominent in certain 
Ceramiaceae, where it has been studied as an example of growth by 
An au) p. 257, (230) p. 189). The classical instance is furnished 
ne nie (fig. 139 A), where successive thickening 
ile te mn ted by the tip of the protoplast of the apical cell, 
e rmost strata (0) are progressively burst; the wall thus 
St consist of numerous funnel-shaped pieces. A comparable 
stratification is recorded ; g ped pieces. mS 
and Ceramium (fi ed in species of Antithamnion, Callithamnion, 
€ septa arise 8: 139 B, C; Go) p. 276, (187) p. 284). In cell-division 
Wer spindle Ge annular ingrowths and show no relation to the 
€ pectic Ja 216) p. 222, (236) p. 227). 
ted and meth ues of the wall, which stain deeply with ruthenium 
uls of sen E blue, at one time regarded ((22) p. 420) as calcium 
Pletel pectic acids, are probabl ith om- 
Y (Rissoella) probably complex. They are either ¢ 
or only partly (Gelidium) soluble in boiling water, 


any 
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andithe solutions thus obtained are often 
products of their precipitation include the co 
rived from species of Gracilaria, Gelidium ana "agar (4 1 

Chondrus crispus? Y Eucheum >s 
carrageen (from 1071 spus? and Gi a | 
hydrolysis these two substances afford gala 


: Close, a 
pentoses and possibly some glucose ((72), (85), 


compa 


(149) wol 
Takahashi (37) obtained a sugar (floridose) from Bra (173) p 1j, fresh‘ 
Chondrus, Iridaea, and Ahnfeltia. Agar and Carrageen SE bn " Be 
shown to contain organically bound sulphur ((77), (49) ave als been pi 
(238), and it is believed that they include calcium salts a 1, (ng 
sulphates (20, 84,98); the gelose of Ceramium rubrum likewis ser] 
an ethereal sulphate ((200) p. 585; cf. also (95) p. 294). © Containg the 
D D D d t 
Kylin ((120) p. 194) distinguishes the geloses obtain d 
M us and Furcellaria fastigiata, which readily solidi Ci be 
and are precipitated by ammonium sulphate, from those dere 0 A 
Dumontia incrassata, which remain liquid on cooling and are not Tom nn 
pitated by the salt; carrageen resembles the former. Sauvageau (any C 
P. 32, etc.) further differentiates between the geloses of Celia diy 
Gracilaria, Ahnfeltia, etc., which solidify in the cold even in dil (fg. 
solutions, and those of Chondrus, Gigartina, Gymnogongrus, Kc he 
etc., which only solidify when in concentrated solution or after treat. ET, 
ment with electrolytes; that of Polyides is intermediat 


readily solidifies on addition of ammonium sulphate, Sauvageau 


heir gelose 
, the cellulose is very re- 
yloid is invariably present 
((78) p. 358; cf. also (20)) 
e one soluble in cold water 


specia 
Calli 
capac 
parall 
Very s 
thamn 
sensit 
on Fl 
wella 
EA 
Div 
gradie 
gradie 
thigh 
instan 
ever, t 
iN cer 
the ol 
Proces 
(ls) p 


affording a gel on cooling. The residue left after extraction contains 
cellulose. 


Marked calcification of the cell-membranes occurs in Corallinaceae, 
as well as in species of Peyssonnelia, Galaxaura, and Liagora (ts) 
H 334, (107) p. 147). According to Berthold ((6) p. 419) the envelope 
of lime is thicker in well-illuminated individuals. The incrustation 
first appears in the pectic layers and then penetrates into the Se 
layers, although the protoplast always remains enveloped by an x 
calcified lamella. The lime takes the form of calcite in Corellin ares 
of arragonite in the others ((159) p. 51, (192)). Some magnesium Di in 
nate is always present (@8) p. 48, (roz), (142) p. 12, (143) P: 38), dead 
Corallinaceae this is only precipitated in the older thallus and in 


, sed, 1 
e ! Eücheuma speciosum J. Ag. ((90) pl. 64) and Gracilaria Pen lia eii C 
li e carrageen, in the preparation of jellies. Ahnfeltia plicata (245), ces of agar ch 
capillacea (269), and others (271,272) have been recommended as So ondrus Ani 
. Regarding the collection and diverse uses of the products 0 
Crispus, see (48) P. 681, (78) P- 353, (240) p. 142. LT 
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iq winter crustations 

no r forms (e 

| Fett" 
n A (225))« 

n THE PROTOPLAST! 


sm of diverse Florideae exhibits a high degree of viscosity 
‘often a very firm adhesion to the wall ((99), (100), (135) 
), which is stated ((19) p. 449) to be due to extension 


a 
. 294 a 
ap 244) P a into the innermost layers of the membrane. These 


verse points / 
Ds? ). Such phenomena are not shown by all the species that 


have been investigated and the extent of their occurrence is not at 
resent clear; the published data refer mainly to Ceramiales. 
The protoplasts of Florideae are commonly killed by plasmolysis 
[m (2) p. 105, (128) P. 381, (135) p. 245), Heterosiphonia plumosa being 
specially susceptible, while Ceramium ciliatum (Goo) p. 67) and 
Callithamnion corymbosum ((s2) p. 99), for instance, are more resistant: 
capacity to resist hypertonic solutions is stated to run markedly 
pirallel with cold resistance ((100) p. 69). Many Red Algae are also 
vry sensitive to dilution of the medium ((100) p. 60), although Anti- 
thannion cruciatum and A. spirographidis (2s6),2 for example, are less 
snsitive than others. The harmful effects of dilution of the medium 
on Florideac are also shown by the marked diminution in number, as 
Well asin the size and degree of branching of the surviving forms, in 
sas with lower degrees of salinity (cf. (109) D 41, (224)). 


Me Sramiales are stated (13) to show marked susceptibility- 
gradients (ef SC and hypertonic sea-water, as well as viscosity- 
a higher GE SE Got) p. 379, (63)). In general the older cells show 
instance, this is MA SUY than the younger, but in Cryptopleura, for 
Fit that the M marked in the marginal cells. It is evident, how- 
In Certain Ca Plast does not always possess a high viscosity. Thus, 
the older c à de (Callithamnion, Monospora) the cross-walls of 

ar aggregations of cytoplasm from which numerous 


Processes, exhibit; 
elt SE Constant change of form, extend into the vacuole 
1180) P. 289, (186)). 


ertai à 
Cells) SCH Special fe 


atures of the . ix A 3 ak 
h Miranda (red later (p. 584 Laser (light-reflecting bodies, vesicular 
Fran o ` Jk 

Mhaninionelly P: 378) suggests that the form studied by Westbrook i 


Rail 


27 
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402 RHODOPHYCEAE 
The contents of the vacuoles show an alkaline 
tion (el, (122) p. 349, (137) p. 8), while the expressed h Or ac 
aqueous extracts exhibit a pH ranging between song e 1 
The contents of the vacuoles readily take Up stains like Kr 
cresyl blue (191) which commonly results in the formatio Neutra] re ]. 
precipitates (G4) p. 165, (137) p. 8, (199)). The os o ee 
general rather lower than that of Phaeophyceae or Chlo ri 
p. 242); according to Biebl ((12) p. 414, (14) P. 352) ae h ze (i 
water (1:5 times that of sea-water) than in littoral AN OWer j E 
that of sea-water) and in general corresponds with um az à 
hypertonic solutions that can be withstood without im SCH Ong 
ciliatum, which is more resistant to plasmolysis than other n Cer 
the osmotic value of the sap approaches that of the d fo ; 
merged forms. anently sup, 


; Deutr. 


ac 
(36) p 


CHROMATOPHORES AND PIGMENTS 


A single chromatophore, which is usually axile and mo 
stellate in form, is characteristic of many Bangiales (figs 
B, R) anda comparable condition is met with in diverse N 
In the peripheral cells of Nemalion, Helminthocladia (fi 
Liagora, etc. the chromatophore, which lies adjacent to the Outer wall 
is asymmetric, the internally directed processes being more stron , 
developed ((197) p. 147, (206) p. 38, (214) pp. 10, 63); such goe, 
phores have also been recorded in Acrochaetium ((67) p. 371, pu 
p. 19). The processes arising from such axile chromatophores com. 
monly broaden at their periphery (fig. 139 P, pe; cf. Desmids, 1, 
p. 344), and in elongate cells these parietal enlargements may become 
band-shaped and assume very irregular shapes, sometimes forming 
an almost continuous layer ((259) p. 610). The occurrence of parietal 
chromatophores in diverse Bangiales (fig. 139 H) and Nemalionales 
(Naccariaceae; Scinaia, fig. 159 E, c; Batrachospermum) suggests à 
possible derivation of the parietal from the axile type by elimination 
of the central body of the chromatophore. 

It is essentially in the forms possessing axile chromatophores that 
the spherical bodies known as pyrenoids (Go) p. 207, (12) p. 327) 


TE or Jes 
* 139 p 1g 
Emalionales, 
8. 159 B, o) 


occur, although they are also found in the parietal chromatophores d N 
some species of Acrochaetium (fig. 148 F, p) and Rhodochorton (hg. 149 me 
CE, 5; (11); they are not, however, present in all Bangiales an (Er 
Nemalionales. Like the pyrenoids of Chlorophyceae they PE ae fi 
denser parts of the chromatophore, but they do not show the sa | 
contraction on fixation and do not stain so deeply ; moreover, a Ba 
grains of Floridean starch are sometimes, grouped around Hen o ni 
noids (fig. 139 P, s), there does not appear to be direct contactant | || 4 
relation is not so definite as in Green Algae. In À SE nk pm 
Helminthocladia, Schmitz (@14) p. 63) records pyn arise de v d 


the processes of the chromatophore and believes t 
novo, en 
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327) 


es of ses 
149 Fg 139. Chromatophores, etc. of Rhodophyceae. A-C, structure of cell- 
and ene À, Bornetia secundiflora (J. Ag.) Thur. ; B, Callithamnion thuyoides 
tute Ree Ag; C, Antithamnion cruciatum (C. Ag.) Naeg. D-M, P, chro- 
ame olia Ce D, Chondrus crispus (L.) Stackh.; E-G, Phyllophora membrani- | 
à h ‚KA; et W.) J. Ag.; H, Rhodospora sordida Geitler; I, Ceramium sp.; 
ug NU Sparagopsis armata Harv.; L, M, Cystoclonium purpureum (Huds.) 


att. 2 2 
Ptilota d Asterocytis smaragdina Reinsch. N, O, Q, Floridean starch; N, 
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A single large parietal chromatophore js Bu 


synthetic cells of certain of the more Specialised DECH the 
ae, for H 


in Hildenbrandia, Agardhiella (483) p. 410 : i 
Polyides ((47) p. 11), Chondrus (fig. s D), E (G4) p M ob 
E-G). In the older cells such chromatophores Sr p Phora (fi EN Wë 
divided (figs. 139 G; 254 I, c) and in Polyides they oom lobed” | ™ 
number of band-shaped structures. More Sech reak up into, T 
Florideae contain considerable numbers of Parietal ch the cells f solu 
from the first. Where recognisable (Callithamnion S POmtophor. " 
they appear within the apical cells as lenticular Mis e than ; | 
many Florideae (e.g. Polysiphonia, Ceramium) these cep Deg in i 
colourless ((206) p. 42, (214) p. 87). The lenticular form E S are almost 4 
in the mature cells, as in many Delesseriaceae (fig ps be retained K 
linaceae ((198) p. 212), diverse Ceramiaceae ((214) p. AN B), Coral. fs 
such instances the chromatophores are usually numerous, ae and in ratio 
however, they are fewer and irregularly lobed (Aa Ommonly, isst 
J, K) or band-shaped (e.g. Furcellaria, Cystoclonium, fea "8 199 phy! 
contiguous ones often fitting closely together. In diverse Ce ed pol 
(Gia) Fa Es in Lemanea (152)\the rounded chromatophores of ft ra 
apical ce i i -s i $ 
nie cell evelop into ribhon-shaped ones which may be lobed or 2 
The shape of the chromatophores often depends o iti 
and may vary appreciably in different cells 5 the MARC ite 
Thus, in the cortical bands of Ceramium (fig. 139 I, co) the dr wit 
matophores are irregularly shaped and almost isodiametric while in "i 
theaxial cells (a) they appearas elongate ribbons (G14) p.223 (206)p 43). A 
The branchlets of Crouania attenuata (rei p.-231) contain a parietal m 
chromatophore with irregular processes, whereas in the axial cell m 
there are delicate and widely separated ribbons. Similar differences Ai 
are described by Berthold (ei p. 6) between the outer and inner cells va 


of diverse Cryptonemiales. Movements of the chromatophores under  k 
different conditions of illumination have been studied in a number of blue 
Florideae (cf. (219) and p. 584). 


The evidence for the origin of chromatophores from mitochondria 
(177) 48 inconclusive. In the fertilised carpogonia of Lemanea and other 5 
Florideae Mangenot ((152), (154) p. 195; cf. also (23)) records decrease i is 
size of the chromatophores followed by fragmentation and discolor: 
tion which results in the formation of a quantity of rods and E 
similar bodies are found also in the young carpospores, but Ee 
germination some of them enlarge and, acquiring pigment, give TI 5 

: chromatophores. Comparable changes probably occur no i 
Florideae, although the carpogonia often lack pigmented ST 
phores already before fertilisation. 

The substance of the chromatophores is semi-fluid (Go) p. 173 
(114) p. 230, (145) p. 89) and under certain circumstances they 7 dil Ka 
amoeboid changes of form and undergo’ fusions. They are = 


(u), WI 


Zä 
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MENT 


f the surrounding medium ((12) p. 397). The green 
ly assumed by Red Algae when boiled in distilled 
y e to alteration of the phycoerythrin, is ascribed to 
d which of the chromatophores ((136) p. 648). 


e ation of the chromatophores ! is largely due to two water- 

The color Uns, the red. phycoerythrin and the blue phycocyanin 

soluble E the other pigments. Chlorophyll 5, if present at all, 
ops 


S of dich small traces (029) P. 45, (222) p. 78, (228) p. 458), while 
res à found nd xanthophyll are present ((117) p. 113, (267) p. 241). 
W both carotene (29) p. 48, (138) P- 7) it has been shown that there are 
i genti e ‘carotenoid pigments. The chlorophyll-content is com- 


my low (46-9, although, like that of phycoerythrin, greater in 
ratively and feebly illuminated forms which also show an increased 


d te ghycoerythrin to chlorophyll (146,147). The chlorophyll-content 
nly, Pied to be higher in arctic types (103). The normal sterol of Rhodo- 
17 E is sitosterol, but this 1s not without exception ((22) p. 106); 
Mj Lei nigrescens 1s stated to contain fucosterol. Flavin ((250) 
ales as) i widely represented, especially in Iridaea. 
the "The accessory pigments, which resemble those found in Myxo- 
d or hyceae (p. 781), are of the nature of proteins? and show character- 

in similar to those of globulins ((116) p. 235, (140), (163) p. 181, (164). 
cell They can be extracted from fresh material by prolonged treatment 
ual, vith distilled water, although the pigments of certain Florideae 
Ur (Grifithsia, Phyllophora nervosa; (86) p. 296, (118) pp. 398, 420, (140) 
eun ».78) only pass very slowly through the cell-membranes. The phyco- 
13) ‘eythrin is precipitated from the solution by addition of crystallised 
tal ammonium sulphate and purified by repeated recrystallisation. 
ell further fractional precipitation of the original solution gives phyco- 
n ganin in a crystalline form. The pure solution of phycoerythrin is 
T RES red and shows a marked orange-yellow fluorescence in re- 
a ected light (cf. also (217) p. 305), while that of phycocyanin is indigo 

ie and exhibits dark red fluorescence (cf. also (49), (116) pp. 186, 213). 
N VEER with a red or reddish-brown colour (e.g. 
gn salut fusca, Polysiphonia nigrescens), the phycoerythrin- 
her rd shows only a faint fluorescence ((69) p. 191, (118) p. 423, (119) 
by EY (233) p. 4004) which has been ascribed ((e2) P. 106, 
E by ila. admixture of brown pigments, although this is disputed 
n T 
a o véi nn Phyeoerythrin are hexagonal prisms ((116) p. 187, 
ny eg D hose of phycocyanin are rhombic plates (64) 
De E anson yee the older literature is mentioned. 

SUME Sputes this for phycoerythrin, but it is very doubtful 


the worked wi y 
ho M dl u EM ma Pure material (cf. also Molisch in Zeitschr. Bot. 2, 357, 
bt ^ that D thrin chan ate finding that the ratio between chlorophyll and 
th Bes by a definite multiple in deep-water forms, conclude: 


(ar are chem; : 
To p. AM allied and that only one natural pigment is present 
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p. 133). Crystals of phycoerythrin (the rhodospermin " 
cf. also (89 p. 301, Del p. 290) and phycocyanin (i, “Mera, 
sometimes found in dead cells. Both chromoproteins 4 l 
colour- anda protein-component (G16) p. 236, Got whines fa 
separated by treatment with acids or alkalis. The GC ich can i 
composed by strong light, but phycocyanin is more ents are 


[23 


d Scepti 
phycoerythrin. Both the total amount and the rela BE than 
ofthe two pigments vary in different seasons, but these v Portions 


atiations di 


aBC D Eb f 


a 
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wi E 
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MAU ERU 
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Fig. 140. Absorption-spectra. A, phycoerythrin of Rhodophyceae. B, phyco- 
erythrin of Myxophyceae. C, blue-green phycocyanin. D, blue-violet phyco- 
cyanin. (B after Boresch; the rest after Kylin.) 


not depend only on changes in light-intensity Drei p. 86, (116) p. 233) 
(140) p. 53). 

The solutions of phycoerythrin and phycocyanin afford GE 
teristic spectra (cf. also (42), (196) p. 204). That of the former (fg. 14° 
A) normally shows three absorption-bands, which are situated in t^ 
green and blue between the lines D and F; in Sebdenia Dose 
there are only two bands ((6:) p. 88, (195) p. 88, (233) p. 4095) ideze 
modifications of phycocyanin have been distinguished an E idi 
Lac) (116) p. 229, (118) p. 423, (132) p. 5, (165), (229) p. NES Goen 
violet one extracted from Ceramium rubrum, with two ab 
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e-yellow and green between the lines C and E (fig. 
s e-green one extracted from Batrachospermum and 
a SES role absorption-band in the orange-yellow 
‘one D (fig. 140 C); the latter is widely distributed 


e 

Fed SES exhibited by deep-water Florideae are, 
à Iis (Gus) p. 536, (132); cf. also (233) p. 4005), conditioned 
of considerable amounts of phycoerythrin, while 
Ning. The diverse (cf. also (6) P- 416, (62) p. 238) 
nis ie, dark brownish-red, reddish-violet, or violet ex- 
ur ‘oral forms are, on the other hand, ascribed to in- 
admixture of phycocyanin. The red-violet littoral form of 


it 
resence 


Gigartina stellata and Rhodymenia palmata. Many littoral 
> ae at times exhibit brownish, greenish or yellowish tints. 
Florideae (Batrachospermum, Lemanea), which in 
w dark green or blue-green colours, nevertheless contain 
med sho a reddish coloration becomi 
both pigments (019) p» 397), 4: : " em ng apparent 
Aer death or when the alga is grown in the shade (71); Asterocytis 
onata and some Batrachospermums (e.g. B. vagum) are, however, 
believed to lack phycoerythrin. Heilbronn (93) has shown that the 
depth of coloration of Sphaerococcus depends on the intensity of the 
ent. 
i Florideae are very sensitive to light-intensities higher than 
those obtaining in the deep-water habitats which they normally 
frequent! ((6) p. 415, (178) p. 288, (179) p. 406, (182) p. 385); a number 
of such seaweeds often flourish in caves and other feebly lighted 
situations in the littoral region ((115) p. 223, (169), (201), (205) p. 485). 
Lis evident, however, that by no means all Red Algae are shade- 
forms, as little as all marine Chlorophyceae are sun-forms. Apart 
from the data already given (cf. PP. 4, 398), it may be noted that 
train Rhodophyceae (Bangia, Porphyra, Endocladia, some Poly- 
siphonias) are specially characteristic of the upper zones of the littoral 
EM e others can thrive in shallow moving water in the strong 
Garg con ES summer ((6) p. 416). Svedelius (34) p 200) 
iN, Coral E Red Algae (especially Rhodomela crassicaulis 
ili in CAS | eee J. Ag.) are exposed on the coral-reef at 
Rum) Th, d out apparent damage (cf. also (15) p. 488, (39) 
moreover, show b rescarches of Montfort (467,160); cf. also (139), 
habitats the ph at the same species can exist in different light- 
e ut PtoSynthetic capacities being adapted in each to the 


Prevailin li 5 

Ight- ; 

, gnt-intensity. Even among shade-forms there are marked 
T the Tate 5 

de of reduction of the light-intensity in sea-water, with in- 


» See 
rature lige open (106) p. 230, (189), (221) p. 597, (223) p. 155 and 


with in 
Rhodophyceae 
The freshwater 
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differences in the power of accommodation to Stronger | 

i 
^ Ee ins of photosynthesis at diverse 
((66) p. 184, (167), (168), (246)) or in light of diffe 
Gen) p: 287) demonstrate that deep-water (shade) ie CON 
Rhodophyceae carry on appreciably more Photosynthes s among 
light than sun-forms like Fucus vesiculosus and green pn feeble 
(species of Cladophora, Enteromorpha, etc., cf. also (56) ral t Des 
the other hand Red Algae from well-lighted habit : 940). On 


URS ats have : 
natural illumination of deep water, no advantage over A in the 


among Chlorophyceae ((170a) p. 547), while shade-forms “forms 
Phaeophyceae (Dictyota, _Desmarestia (6) P. 186) do aot TR 
appreciably in their capacity for photosynthesis, 
stances, from Red Algae belonging to the same h 
rich in phycocyanin make a better use of stron 
poor in this pigment. The lower limits to whi 
submerged forms can penetrate must of course d 
pensation points, which in turn are in large 
constitutional features. The absolute value for 
Gigartina Harveyana is stated to be not far below 
leaves of Helianthus (56). 
Since Engelmann (57), with the help of his bacterial method, con- 
cluded that Algae synthesise best in light of the complementary 
colour, this question has been the subject of repeated inVestigation: 
Engelmann himself ((s8) p. 91) found that Red Algae, illuminated by 
a projected microspectrum, exhibit maximum photosynthesis in the 
green, and this has since been corroborated by diverse other experi- 
mental methods. Thus, Richter (G94) p. 285), determining photo- 
synthesis by the amount of oxygen produced, established that Red 
Algae (Callithamnion, Delesseria) were more efficient in green light 
than Chlorophyceae from the same horizons (cf. also (105)). Wurmser 
(260), estimating photosynthesis in red, green, and blue light of known 
energy-value by the colorimetric method,! found that Rhodymenia 
palmata exhibited more photosynthesis in green light than Ula 
Lactuca (cf. also (64). Ehrke (ss) compared the photosynthesis a 
Enteromorpha compressa and Delesseria sanguinea in weak light o 
different wave-lengths but equal intensity and arrived at the ee 
clusion that the green alga exhibited maximum photosynthesis in D 
and the red alga in green light (cf. also (56) p. 839, (148), (210) P. 5 1a) 
Red Algae also photosynthesise more strongly than Brown (Dict) 
in green light ((170a) p. 122 L d 
According to the dS 4 complementary chromatic adaptation tt 
the broad distribution of Green, Brown, and Red Algae, at d 
„sively lower levels on the shore, is an outcome of the E 
adaptation of the two last to the special colour of the light to ) 
! The methods are criticised by Harder (Zeitschr. Bat. 15, 359% 1923): 


ght (a 
depths of su 


n m 
rent Intensity (ere 


under Such cir 
Orizons. Red A] 
ger light than i 
ch the Permanently 
epend on their com. 
Part dependent on 
Photosynthesis in 
that obtained with 
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ally subjected ; owing to differential absorption of the 

„are nO D t wave-lengths there is, in deeper water, an almost 
the) differen tion of the longer ones ((22 p. 149, (73), G21) p. 598). The 
SÉ te elimina ae do not fit into this picture at all, although the 


of 
le e s d 
= Ga P SH with pica absorbing blue rays, 
oy, SM ives SUC forms as m e "d P water some advantage 
m p? m e discussion of the theory o! : romatic adaptation, so far 
Ypes 41): E. seaweeds, has in fact Aen centred about the Rhodo- 
Oh pi concen? siderable number of these, however, frequent the 
the pee ion. Moreover, the evidence that Red (or Brown) Algae 
rms tora Ke capacity to adopt a colour complementary to that of the 
Nong posts t ht, such as is established for certain Blue-green Algae 
lifer incident | P together inconclusive ((93) p. 8, (179) p. 433). Gaidukov’s 
um. p.183) p (179) contention that the green colour assumed by 
pae (65); d. aciniata after exposure to strong red light for 1Q hours, is 
hose puphyra lac : Ks adaptation, is erroneous, since the colour-change 


a example 0 
no doubt dep 
(us) p 2 Con 


ends on decomposition of the accessory pigments (cf. 
Such green-coloured Rhodophyceae (Chondrus, 


a Gigartina, Laurencia) are not pde found in us SE 
vith region cf. (88) p. 348, (174), (193) P. 2 do P- 331), their photo- 
snthetic efficiency in strong light being less than that of the accom- 
on panying Chlorophyceae (170) or corresponding submerged forms. 
ary Richter (194) was the first to point out that the littoral Red Algae do 
on; not exhibit the greater photosynthetic efficiency in green light shown 
by bysublittoral types, and this has been fully corroborated by Montfort 
the (m), Richter’s results led him to deny all participation of the 
eri- accessory pigments of Rhodophyceae in photosynthesis, the superiority 
to- shown by sublittoral forms being ascribed solely to a higher capacity 
ted for utilising the available light. It cannot be doubted, however, that 
ght the accessory pigments of the numerous Red Algae, that flourish in 
ser the greenish-blue light of deeper water, will confer a decided ad- 
wn Vantage upon them with respect to light-absorption (cf. (221)). It is 
nia sil, however, a debated question how far their more efficient photo- 
lva pass is due to increased capacity for light-absorption ((17) p. 56, 
a ee. 348, (172) p. 43, (r9s)) or how far it is due to a “ plasmatic” 
"ap Bae of a more efficient use of the available energy (ech, 
ed oft oa SC authorities ((ss) p. 663, (89) p. 348, (182) p. 385) are 
) lt the eR that both factors are involved, while some consider 
a) Ka. (135) sory pigments act as photosensitisers ((87) p. 340, (19 
Florideae ae 21, (140) p. 54). The dark-violet shade-inhabiting 
2) also use yellow light for photosynthesis (179) p. 201). 
d ib EE Tue PHOTOSYNTHETIC PRODUCTS 
ch Polysaccha Mere Photosynthetic product in Rhodophyceae is a 


r D 
"dea uh Ray Spoken of as Floridean starch, which occurs 
tain cells in the form of small solid grains ((s), (18) 
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p. 173, (196) p. 218, (14) p. 151). Some of these 

dimensions, lie free in the cytoplasm, whilst oe 
chromatophores, although never deposited within ae aPposed 
Phyllophora ((43) p. 23) and Chondrus ((44) p. 20) DEI Subst 
their formation in contact with leucoplasts (cf. how Dishire 
A direct participation of the chromatophores in See ane 
grains is denied by some ((s) p. 226, (iss), (206)) bur tion o 
general opinion, although it remains uncertain "A this is 


arise within the cytoplasm itself ((30) P. 205, (207) Dane free graine 
: or 


as have become detached from the surface of the ch ent lor 
(64) p. 365, (120) p. 190, (134) p. 2). The grains are som mato phor wit 
gated around the nucleus (1, fig. 2 H; (155), (214) p. ı etimes aggre- for 
been regarded as the normal seat of their formation we, and this has div 
occur, thestarch-grains are often distributed around them (f Pyrenoids mo 
(67) p. 369), and such pyrenoid-starch may possess a aa E: 139P s; sul 
permanency than the rest. ET degree of f 

The larger grains are commonly basin-sha 3 
conical (fig. 139 O), with an Det de SC N) or , 
(8) p. 174, (86) p. 285, (0) p. 365) which is regarded (to) Sutface Ws 
marking the point of contact with the chromatophore ; Ma a à 
also records irregular polyhedral shapes. An occasional Eit adn ^ 


fication (fig. 139 Q) is evident, while the radial splits which appear on Al 


the application of slight pressure indicate a possible sphaeritic struc- (du 
ture. The grains exhibit marked double refraction, showing a dark In 
cross (fig. 139 Q) when viewed between crossed Nicols (4n). They pal 
swell readily in hot water, potash, chloral hydrate, and iodine reagents, cen 
Grains, swollen by prolonged treatment with the last, often show tre 
differentiation into a central, more deeply stained, and a peripheral ext 
lighter-coloured region (8) p. 175). According to Oltmanns (us) (6) 
P. 204; see also (47) p. 14) the latter is surrounded by a single or sut 
double ring of rounded granules, a fact which led him to suggest that pal 
the central region might be of the nature of a pyrenoid; it is difficult $^ in: 
to find any support for this view (cf. (39) p. 209). ie 
to 

On treatment with iodine-solution (G8) p. 175) the grains are at first sla 
coloured yellow or yellow-brown, but, as swelling sets in, the tint mm 
changes to red, red-violet, or blue. If swelling is previously induced by Sp) 
treatment with hot water or chloral hydrate, violet or blue shades appear qu 
at once with iodine ((108) p. 36); occasional direct coloration, after treat: ] 
ment with chloral hydrate (e.g. in Spermothamnion Turneri), is Boden esp 

me 


due to the iodine-content (p. 587) of the alga. The colour assu 
lodine-reagents varies considerably, both in different species and ! 
and the same species (ou p. 366), but the deep blue shades typical a fh) 
the starch-grains of higher plants arc not often obtained, the we Ch 
frequent tints being red or reddish-violet; Mangenot (ss) also P $ M 
brownish shades. While Kolkwitz ((108) P- 35) concluded that ue (8) 

no essential difference from the starch of other plants and Bruns * 


nd in one 
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d Floridean starch as equivalent to the so-called red 
regret pistica, etc., Schimper ((207) p. 88) denied any close 
und IN “and that of other groups. Belzung ((5) p. 223) was 


it à 
tween It onsisted largely of amylodextrin, while Mangenot 


ce: in E e i n that E blance to glycogen. The evidence seems 
Cords | um co BES a substance allied to, but not identical with, the 
oft p indicate higher plants ((21), (120) P. 190, (134) p. 24, (166) p. 389). 

ot th arches (ts) p. 191 showed that the starch, removed from Furcel- 
Brains Kylin iata mechanical means, gives dextrose on hydrolysis 
m a fat acids, while treatment with malt diastase results in the 
i with we of sugars. Bartholomew ((); cf. also (46) extracted from 
im formation d Algae a diastase which digests maize-starch, although 
is has diverse Jy than ordinary diastase. The starch is no doubt a reserve- 
noids more slow oe this is shown inter alia by its marked accumulation in 
1 substance C structures (e.g. the midrib of Delesseria, p. 534) and its 
ree of erennating 


m (dulcitol, sorbitol) have been demonstrated in Bostrychia (79,80) and 
dark Iridaea (9s). Alcoholic extracts of Florideae (especially of Rhodymenia 
They palmata which contains little starch) are dextrorotatory and, when con- 
ents mate, have a sweet taste ((34), (122); cf. also (218) p. 103); after 
show treatment with strong acids they reduce Fehling’s solution. Such 
heral atracts have afforded crystals of a galactoside of glycerol ((32), (36), 
Ing (9 p. 63) which has been named floridoside (cf. also (81,81a)). This 
le or substance may constitute another food-reserve. In Rhodymenia 
m palmata its accumulation begins in May and increases to a maximum 
icult 


in summerGs), while in Corallina squamata (82) it is highest towards 
the end of May and least at the end of January. Lemanea is stated (33) 
“contain trehalose, as well as floridoside and a glycogen-like sub- 


sance, Kylin (t22) p. 350) records oxalates in diverse Florideae, and 
crystals of 


ib Dm calcium oxalate have been observed in the axial cells of 
ptit E k t (t9) p. 315). Fats do not appear to occur in any considerable 
oe nity in Red Algae (61) p. 58). 

pubt 


Nitra à 
tes can be demonstrated in many Rhodophyceae, often 


i especi 9 
e E Older parts ((122) p. 340, (23) p. 84, (232) p. 108), 
of |, 9^ tacking in some (Polysiphonia); in Ceramium rubrum they 


eup r: : : 
Di ed 5% of the dry weight. Haas and Hill ((81) p. 65, (81a), (82), 


nost en y 

ords Crifithsig an accumulation of pentapeptides in Corallinaceae and 

was balance Kaes that their presence may be due to a lack of 

(8 "Sion of au. Sarbon and nitrogen metabolism owing to the de- 
Photosynthesis 


as a result of low light intensity. Crystal- 
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loids (fig. 147 N, cr), probably composed of Proteins 
commonly found floating in the cell-sap ((104) P- 290, n : ot tp, 
although stated ((40), (61) p. 10, (185) p. 2) to lie in then E 
Ceramium and Monospora. Lewis Grau p. 649) icd Oplasm i 
protein-masses in Griffithsia. | S roun ded 

Although no generalised statement is possible in the prese 

our knowledge, it is clear that the metabolism of Rhodophycea State 
appreciably from that of other algal classes. This is Perhaps de differs 
by the frequent deposition of iodine-compounds i sped 
(p. 586). Vitamins (265,266) are specially abundant in Porphyra cells 


are n 


THE NUCLEUS 


The cells of the less specialised Rhodophyceae (Bangiales, N 
lionales) are always uninucleate ((134) p. 5, (211)) and this is An m 
many Cryptonemiales (e.g. Dumontia, Polyides, Gloeosiphoni m 
p. 7) and Gigartinales (e.g. Furcellaria, Calosiphonia). In other H 
stances the older cells are multinucleate (Gelidiales, Rhodymenialee 
many Ceramiales), while in Griffithsia and Bornetia this is even true 
of the apical cells. The number of nuclei is by no mea 


> ! ns always pro- 
portional to the size of the cell (6:3) p. 123); in Plocamium ( 


i Snp: (128) p. 51), 
for instance, the axial cells contain a single huge nucleus, 30-351. in 
diameter, whilst the surrounding cells possess a number of small Ones 


(cf. also (128) pp. 86, 111). The axial cells of Ceramiaceae, however, 
contain larger nuclei than the peripheral cells ((204), (257) p. 571). The 
diverse types of reproductive cells are invariably uninucleate. 

The resting nuclei of the vegetative cells are for the most part of 
small size, with an average diameter of 3 u ((134) p. 6); in some species 
(Chondrus crispus, Calliblepharis ciliata) they are exceptionally minute 
(Cs) p. 151). According to Svedelius (@3s) p. 310) the nuclei of tetra- 
sporangiate plants of Delesseria sanguinea are larger than those of 
sexual plants, but this does not appear to be a general rule. The 
nuclei! exhibit a prominent nucleolus (sometimes several) anda well- 
developed network with numerous chromatin grains (fig. 141 A), 
although the chromatin-content is often rather scanty. Nuclei of 
irregular shape have been recorded in some Ceramiales Ire, (9 
P- 306). 

At the commencement of mitosis? the nucleus enlarges, the chro- 
matin grains increase in size.and decrease in number, probably ae 
result of fusion (fig. 141 B, C, O, P), and the network is oly r 
scribed as coarser. The chromatin grains are frequently arn ty 
rows (fig. 141 L), but no typical spireme has been recorded. TUE | 
end of prophase the short, and commonly in great part kor 

: (185); (235) 

See (53) p. 553, (121) p. 39, (123) p. 101, (128) pp. 25, 71, 8% 


P. 307, (254) p. 151, (255), (261) p. 403, (262) p. 91. 
* For meiosis, see p. 604. 
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f constituted (fig. 141 F, R, c). The spindle is intra- 
gon? 7r siphonia (fig. 141 E), Griffithsia globifera (121) p. 646), 
E pr Turneri (63) p. 568), but most investigators 
emot! e freely in the cytoplasm (fig. 141 K). Yamanouchi 
eitas lY Sn Polysiphonia (fig. 141 D, ce) and Corallina, and 
en reported in Laurencia, but for the most part such 
à do not been seen during mitosis in Red Algae. The 
disappears as the chromosomes become aggregated on the 
D plate (fig. 141 E, K) and is reconstituted in each daughter- 
a 


equator! 


ies deny any participation of the nucleolus in the de- 
Bathe chromosomes, but in Nemalion (Go) pp. 327, 341, (259) 
opere, ‚ithsia (44) P- 646) and Dumontia (sai p. 453) so-called 
621) ie Are recorded and the chromatin is stated to pass out 
a WA olus at the commencement of mitosis; Kylin (G23) p. 101) 
of the TEA to poor fixation. The peculiar resting nuclei described 
attributes A in certain Ceramiaceae have not been observed by 


Mathias : 
be investigators and are probab]y to be attributed to the same defect 
o 


55), (257) P- 572). 2 : : 
esting nuclei of Bangiales La) p. 199) and of the less specialised 


Nemalionales (Batrachospermum, Lemanea, Nemalion, (24) p. 258, (126) 
P 156, (128) p. 8) contain a large nucleolus but, apart from that, appear 
almost devoid of structure. The spindles in Nemalion are stated to be 
intranuclear, which is denied by Kylin, while Wolfe (259) records 
centrosomes. The nuclei of Scinaia and Bonnemaisonia (8244) p. 549) 
appear to resemble those of the more specialised Florideae. 


t 


Tue GENERAL FEATURES OF REPRODUCTION 


Sexual reproduction in Rhodophyceae is invariably oogamous. The 
female organ (carpogonium, fig. 221), which usually bears a special 
receptive process (trichogyne), exhibits retention of the single ovum 
and the latter shows no contraction either before or after fertilisation. 
The male organ (antheridium) produces a single motionless male cell 
(permatium, fig. 222) which is conveyed passively to the trichogyne. 
Dane ether by direct division as in Bangiales or after the pro- 
m 2 amentous outgrowths (gonimoblasts) as in Nemalionales, 
(atpospore). Fee of sporangia, each forming a single naked spore 
arise directs en most Florideae, however, the gonimoblasts do not 
Which Eun the zygote, but from other cells (auxiliary cells) 
Bon E F elong to the same branch-system as the carpogonium 
94 G, a). i or are more or less widely separated from it (fig. 
are termed mate combinations of carpogonia and auxiliary cells 
Procarps, and in them there is direct fusion between the 
(CERE the auxiliary cells, while when the latter are 
toth ys ed, the products of the zygote-nucleus are conveyed 
Pecial connecting filaments (fig. 224 G, co), frequently 
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Fig. 141. Nucleus and vegetative nuclear division. A-1, Polysiphonia violacea 
(Roth) Grev. (after Yamanouchi), germinating tetraspore; A, resting eee 

» ©, two sections of same nucleus in early prophase; D, late prophase, WE 
centrosomes; E, metaphase; F, polar view of equatorial plate, 20 m 
somes and remains of nucleolus; G, anaphase; H, late anaphase, CHEN 
nuclear membrane entirely dissolved; I, polar view at late anaphase. die 
Delesseria sanguinea (L.) Lamour. (after Svedelius); J, late prophase 5 d nt 
sporic plant; K, anaphase; L-N, margin of frond of a tetrasporic prs 
showing nuclei in different stages of prophase. O-R, Rhodomela OU? 0- 
Kjellm. (after Kylin), prophase stages from a tetrasporic plant. 6 © 
somes; ce, centrosomes; n, nucleolus. 
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several in number. À descendant by division of 
asses into the auxiliary cell and, after degenera- 
Ge gonimoblasts producing carpospores arise from the 
nuc ih many Florideae there is a marked fusion of cells 
L copment of the gonimoblast, a process connected with 
f nutriment to the maturing carpospores. 
ly o curs either at the first divisions of the zygote-nucleus 
Nemalionales) or it is postponed and takes place in special 
‘3, borne on individuals distinct from, but morpho- 
0 DE cal with, the sexual plants (other Florideae). In 
a Nemalionales there are thus two haploid phases (the 
‘vidual, the carpospore-bearing stage) and the life-cycle is 
ic; in the remaining Rhodophyceae there are two diploid 
ospore-bearing stage, the tetrasporangiate individual) 
ife-cycle is diplobiontic. With few exceptions the tetra- 
form four spores which exhibit three types of arrangement 
Tin the sporangium (cruciate, zonate, tetrahedral, fig. 225). Direct 
Gin of the sexual phase by means of accessory spores 
(ly monospores) is met with especially in Bangiales and Nema- 
la The reproductive features of Florideae are discussed in full 


on p. 591 et seq. 


and usually 
[* e nucleus P 


CLASSIFICATION AND STATUS OF THE RHODOPHYCEAE 


The Rhodophyceae are at present grouped in seven orders (cf. (139) 
p. 113, (131) p. 90, (181) p. 378),” six of which belong to the Florideae. 
These orders are mainly distinguished by details of reproduction, 
although vegetative features are commonly also of significance. This 
will be evident from the following brief epitome: 


A. Bangioideae. Simple forms with diffuse growth, never exhibiting 
aggregation of filaments and devoid of pit-connections ; sex organs little 
specialised; carposporangia formed by direct division of the zygote. 
Terrestrial, freshwater, and marine. Only order 

L Bangiales. Unicellular, colonial, filamentous, or parenchy- 
matous forms, commonly with a single axile, stellate chromatophore 
in the cells; haplobiontic; accessory reproduction by monospores. 


B. 1 1 D OAD D E 

a Gb giam Filamentous forms, usually exhibiting aggregation of 
i RM branched filamentous axes to form compact pseudo- 
ymatous thalli; pit-connections invariably present between the 


- cells; 4 - d 
SX organs highly differentiated; carposporangia formed on 


d lamento s 
us gonimo : 5 Se 
; argely marine. blasts derived directly or indirectly from the zygote. 


- The Order N 
ently merged : émastomales at first distinguished by Kylin was subse- 
Y Wilke (258). in the Gigartinales (133). No essential contribution is made 


A 
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II. Nemalionales. Heterotrichous, w 


E ith uni- o 
struction, cells commonly with a sin ul 


Tm D 
gle chromatopp c tial e 


biontic; gonimoblasts usually arising from dhe = re: Gei 
accessory reproduction by monospores or tetraspores S Boniu 
water forms. * Some fresh 


III. Gelidiales. Uniaxial; probably 
auxiliary cells ; compound procarp (see p. 
cruciate. 

IV. Cryptonemiales. Uni- or multiaxial, with evident or ing: 
heterotrichy in the young stages ; diplobiontic; auxiliary cel Stitt 
times remote from the carpogonia, both borne On ac ells some. 
which are sometimes aggregated into Special fi ory laterals 


S 3 ; d ertile tracts (ir: 
thecia, conceptacles); tetraspores cruciate or zonate, Ina. 


diplobiontic, 


y obscure ; diplobiontie 
cially differentiated 
etrahedral, 

VII. Ceramiales. Uniaxial, without heterotrichy; diplobiontic: 
procarp with 4-celled carpogonial branch, always borne on a peri- 
central cell from which the auxiliary cell is cut off only after 
fertilisation; tetraspores usually tetrahedral. 


The Rhodophyceae afford no evidence of relationship to any other 
class of the Algae. Some have sought an affinity with the Myxo- 
phyceae (cf. (31) pp. 28, 36, (156) p. 16, (226) D 14, (227) p. 670, Gol 
owing to the presence of similar pigments (cf. however (2) p. 102), 
the absence of motile reproductive cells, and the occurrence in certain 
Blue-green Algae of cytoplasmic connections. Such a view overlooks 
entirely, quite apart from essential differences in metabolism, the 
barrier constituted by the fundamental contrast in cell-structure 
between the members of the two classes and by the absence of any 
type of sexual reproduction in Myxophyceae. There is no evidence 
that the type of cellular organisation found in the latter has ever 
evolved into that characteristic of most other plants ((68) p. 237) 
Those who uphold the view of an affinity with Blue-green Algae ae 
especially to the Bangiales, but here the contrasts are just as p 
(cf. p. 437). As little can be said in favour of a relationship betwee 
Bangiales and the Prasiolaceae among Chlorophyceae. in the 
There is a considerable resemblance (cf. 1, p. 284), both En 
female organ and in the general nature of the life-cycle, pe m 
Coleochaete and the haplobiontic Red Algae (sl p- SC ffinity: 
differences are far too significant to admit of any question Of a have 
Several authorities (45), (so), (74) p. 248, (180) p. 137, @15) P: Fu the 
discussed! the question of a relationship with Ascomycct™ 
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articular being regarded as presenting points of 
e c sufficiently familiar with these groups, nor is a 
a feasible, but such resemblances as have been 
de iscuss! to me to be more of the nature of parallel develop- 
de ised appear ford evidence of any phylogenetic connection. 
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140, 543-52, 1931. 264. Kıuch, A. B. ‘Photosynthetic red, green | tion 
morpha linza, Porphyra umbilicalis, and Delesseria BLE Ben) 265: | 


blue light.” Contrib. Canadian Biol. N.S., 6, 41-63, 193! 
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Lunde & Lie, 1938). 266. See No. 263 on p: 49 
No. 261 on Dien, 1937). 267. See No. 236 on p. 48 (Tammes, 
gee gine © No. 79 on P: 749 (Bruns, 1894). 269. FOURMENT, R. & J. 
Gab 268. Er Pterocladia capillacea (Gmel.) Born. et Thur. Floridée, 
leie préparation de milieux solides, etc.’ Bull. Soc. Hist. Nat. 


s 
caen E 32, 176-80, 1941. For further references, see p. 898. 
ii 


2 Sub-class I. BANGIOIDEAE 
Order BANGIALES 


iales are probably annuals which enjoy a wide 
Most of boss surface of the earth. They exhibit practica all 
geht? es of plant-body, although the latter never reaches any 
the simpler E elaboration. One series of forms, with a filamentous or 
Bangiaceae), are essentially marine, while another series 
, consisting for the most part at least of reduced 
fms are more frequently met Mos f o e orterrestrial habitats. 
Some such classification has been a SE y most recent authorities 
(mp. 39, 629 P: 56, (118) p. 193; cf. also (141)), and the vegetative 
nicture of the two families will best be discussed separately. 
Ens thallus of most Bangiales lacks a definite growing point and 
exhibits diffuse growth. Adjacent cells are never connected by pits. 
There is typically a single axile, massive chromatophore, more or less 
stellate in shape and including a conspicuous central pyrenoid (fig. 
143 B, P, R). The products of photosynthesis accumulate near the 
chromatophores as solid granules, resembling Floridean starch (132), 
and the varied pigmentation of the cells (91) is due to a form of phyco- 
eythrin and to phycocyanin. The membranes probably consist 
largely of pectic substances (140) ; cellulose has been demonstrated only 
in Porphyridium (37), and Erythrotrichia ((74) p. 420). The nucleus 
(fig. 143 C, I, T, n) is often excentric in position. 


VEGETATIVE STRUCTURE 


(i) BANGIACEAE (e, (0), (47), (60), (80), (103) p. 55, (108), (119) 


The least specialised members of this family are those grouped as 


Gen Erythrotrichia (a) p. 14, (30) p. 146) comprises a 
Dron (ey marine epiphytes, in several of which (e.g. E. 
Koos SS Berth. (Porphyra Boryana Mont. (36) pl. 8A), 
flament bee 142 J) the plant has the form of a heterotrichous 
germinatin : one-layered discoid base (d), produced first by the 
(e). The des pearing several, usually unbranched, erect threads 
Viduals it is thet SUIS of the disc varies, but in certain indi- 
"Schmitz « Only part present and gives rise to the spores. In 
fr Bythrotrichio P 313; cf. also (6) p. 376) founded the genus Erythropeltis 
re loubted Thee in which such reduction often occurs. It 
GG on bei. (9) an re is a basis for generic distinction GES p. 9 
"Vihropeltis for de E p.80). Kylin ((78) p. 45) advocates the reten 
eterotrichous species of Erythrotrichia. 
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424 BANGIALES 
other species, however, the filaments are merely att 

irregularly lobed basal cell (fig. 142 L), supplemented 
radiating rhizoids (7); this is so In E. carnea and E. NS y 
(Bangia ceramicola Chauv. (3) pl. 317), the latter Na 
a synonym of the former. I he erect filaments may ter TA 
(E. ceramicola), but in certain species (e.g. E. QNM a Uniseri 
(12) p. 8) all except the basal cells become divided by p Op. af 
often followed by transverse, walls so that the m nit] 
characteristic clavate form (fig. 142 J, K). ads assume | 


The freshwater Kyliniella (113), likewise with a 
(fig. 142 G), is distinguished by the possession of 
phore devoid of a pyrenoid. The elongate erect th 
rounded by a wide mucilage-envelope, produ 
branches by means of which they attach themsely 
they can form secondary discs at their tips. 

Erythrocladia ((11) p. 7, (34) p. 798, (56) p. 112, (103) P. 71), a 
prostrate epiphyte or endophyte, forms small discs com 
radiating system of threads in which the marginal cells are 
(fig. 142 B-D); in some species the discs are Several-lay 
genus affords an interesting parallel to similar prostrate ty 
Chaetophorales. The chromatophore (c) is a lobed parietal } 
pyrenoid. 

A related form is perhaps constituted by Colaconema! ei p. 8), the 
species of which are endophytic in the membranes of various Algae 
(cf. (18) p. 180, (21-23), (120) p. 237). The cells of the irregularly branched 
filaments, which sometimes anastomose, contain parietal plate-shaped 
chromatophores. Although the genus has been placed near Acro- 
chaetium ((7) p. 57, (24) p. 300, (48) p. 89), Rosenvinge (los) p. 71), as well 
as Howe and Hoyt ((s6) p. 113), draw attention to the resemblance to 
Erythrocladia, and further investigation must show whether the two 
genera are possibly but different developments of the same generic 
type. 

Another form with a parietal, markedly lobed chromatophore is 
Porphyropsis coccinea? ((103) p. 68) which occurs as small one-layered 
Porphyra-like sheets (fig. 144 D). The young stages (fig. 144 E) form 
several-layered cushions, which become vesicular through quite 
division of the upper layer; later the vesicle breaks open and constitutes 
a monostromatic frond which is at first cup-shaped (Gen 
Omphalophyllum). Subsequently numerous rhizoids arise from M 

lower cells. 


heterotrichous hay 
à parieta] chroma N 
reads, Which à 
ce only rhizo 
es to adjacent 


Te Sur. 
Id-like 
Plants; 


Completely 
posed of a 
often bifid 
ered, This 
pes among 
plate with 


$ : a, show greater | A 

The Bangieae, comprising Bangia and Porphyra, Show E "m bin 
specialisation. The unbranched threads of the former (t) P: but de thes 
(08), (103) p. 56) may for a time (fig. 142 E) remain uniseriate, ata li 
1 Schmitz ((110) P. 452) founded a genus of Rhodomelaceae (60 A, by , Mat 
P- 531) under the name Colaconema. This has been renamed C? as LE. 
De Toni ((124) p. 1170). pressed doubls M we 
2 Porphyra coccinea J. Ag. Kuckuck ((70) p. 390) already expr? ; Lu 
about the reference of this species to Porphyra. a 
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Fig, 

E V S Porphyra umbilicalis (L.) J. Ag., habit. B-D, Erythrocladia 
" aaen av.; C, D, stages in development ofthe disc. E, F, H, Bangia 
the thread à yea (Dillw.) Lyngb.; E, part of a young thread; F, base of an older 
(al by Shi H thizoid-formation ; H, part of mature thread. G, Kyliniella b 
Wo Wës thread, ^ Bangia atro-purpurea (Roth) Ag., transverse section of il 

ah carnea (Dil ~L, Erythrotrichia; J, K, E. obscura Berth., two plants; | 
bis re ill.) J. Ag., base of a thread. c, chromatophore; d, prostrate A 


Ab erect g 4 
pin oe b, pyrenoid; 7, rhizoid. (B after Rosenvinge; C, D after 
‘lo, Wa; I after Reinke; J, K after Boergesen; the rest after 


Poe n 


G 
a 
j $ 
iE 
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Y remain EN oy 
Pical cell divided | 


ML. Certainly A later 

intercalary division. The young threads are merely SCH d Undan 
ed by 

y the 


basal cell, but in older plants the lower cells produ 
NEC ~ ; ee cen 
rhizoids (fig. 142 F, r) which grow through the thick gelat; 
and spread out over the substratum. Brian 
B. atropurpurea is a characteristic inhabitant of the es 
of rivers, where it forms dark-coloured (brown, viol 
black) tufts, the individual threads being up to 6cm. long and 
as 200 4 wide; it is also reported from Lake Balaton (107), Wol as much 
(133) describes band-shaped thalli, often encrusted with Ka 
marine B. fusco-purpurea ((s3) pl. 96), with equally broad Eu a 
filaments (10-15 cm.), occurs near high water mark, sometimes m 
spray zone, and is found especially in winter and spring; it us 
marked capacity to withstand desiccation (roi D 7, Gei GE 
changes in salt-concentration (127,128). Its dense, dark red or brownish. 
violet tufts are commonly associated with species of Urospora. 
Porphyra (G) p. 38, (9), (57), (58), (69) p. 241, (102) p. 826, (122) P: $9, 
(132)) is also usually at first a simple filament ((103) p. 64, (122) P. 59) 
which is stated ((9) p. 3, (69)) to grow for some time by means of an 
often three-sided apical cell. The abundant longitudinal division, 
which soon spreads from near the tip backwards, leads to-the forma- 
tion of a usually one-layered expanse of varying width (fig. 142 A) 
which exhibits diffuse growth. The cells are elongated perpendicular 
to the surface (fig. 144 O) and possess strongly thickened external 
walls covered by a “cuticle” (cu). The spores of P. naiadum produce 
a prostrate several-layered cushion from which the upright fron 
arise ((s7) p. 180, (68)), the only instance in which a Porphyra retains 
the heterotrichous condition. . 
The attaching system is constituted by thick-walled spreading 
rhizoids, produced on both surfaces from the lower cells of the thallus 
(cf. also (45)) and usually interweaving to form a compact SE 
from which accessory fronds may later arise. The rhizoids are un 
cellular but multinucleate and some are branched; their dilated e 
can divide into a number of cells. They adhere to the substra mal 
means of their gelatinous walls, as well as by suckers arising eg 
lower sides. Grubb (s) p. 139) records penetration of Mes if 
to considerable depths into the tissues of Fucus. In some SP 
lower parts ofthe thalli are possibly perennial (9 P- 20). 


T-Septate 
nous Wall 


tuarine Parts 


et, or almost p.loc 


grown 
(53); 


Apart 
branc 
severa 
thece 
masse 
soil a 
mucil 
are le 
are gl 
The: 
the p 
of Fl 


i els 
cks between tide-leve 


j 189; 
:ccation ((35) P 
desicc rin the upp? 


The species of Porphyra mainly inhabit the ro 
and a number, which show marked resistance to à 
(88)), form characteristic zones at certain times of the y 
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p. 11, (73) P. 3). The broad thalli are often 
gion (cf. commonly have a wavy margin (fig. 142 A), as in 
jor ched S paris AE (53) pl. 211) which reaches a length of 
ran Ap P. P linearis Grev. ((53) pl. 2), usually regarded as a 
The naro mbilicalis (@s) p. 29, (45) p. 132, (96); cf. however 
$7. form of Zoe (99)), iS found mainly in winter and frequently 
dii (6) he that occupied by the latter. Other common species 
E. elt d (Olivi) De Toni (P. leucosticta Thur.) and P. 
fo P atropurpt the latter abundant on the Pacific coasts of North 
UT , Ag. species are or have been used as food, for instance the 
ri Me Ga Scotland which is derived from P. umbilicalis and 
AD* nof Wales es of Porphyra are specially cultivated, being 


j apan species ( 2 À 
cintata. ae twigs which are exposed during winter ((65) p. 22, 
$ rep 


n prepared, 2 
j; “Nori” is dried P. tenera 
uh 


. (46), (64) 


(ii) PORPHYRIDIACEAE 


-ichum (fig. 143 A) and Asterocytis (fig. 143 E), with 
Apart ion Su ane SH the Porphyridiaceae include 
branche obably reduced, unicellular and mainly terrestrial types, 
SL E which are commonly aggregated to form brightly coloured 
E "The commonest, Porphyridium cruentum, is not infrequent on 
Ge on damp walls, where it forms several-layered blood-red 
muclaginous strata (fig. 143 H), although when dry the brittle crusts 
are less conspicuous. In Porphyridium (fig. 143 D) the individual cells 
nre globose, whereas in Chroothece (fig. 143 T, V) they are ellipsoidal. 
The reference of these diverse forms to Bangiales depends largely on 
the possession of axile star-shaped chromatophores and the presence 


em of Floridean starch. 


duce The species of Goniotrichum ((x) p. x1, (9) p. 26, (11) p. 4, (103) p. 75) 
ronds | aeminute epiphytes, usually with plentifully branched filaments (fig. 
etains 143 A), possessing thick longitudinal walls (fig. 143 B, F, J). The 
branching is often described as false and like that of certain Myxo- 
ading phyceae, the upper part of the parent-thread being pushed aside by the 
hallus outgrowth of the part below (cf. fig. 143 B, J), but this requires further 
shion Investigation ((24) p. 230, (85) p. 276). In G. elegans! the threads com- 
> unl- maly remain uniseriate (fig. 143 B, J), but in G. cornu cervi (Reinsch) 
d tips Ak (G. dichotomum Berth. (47) p. 450), G. Humphreyi Collins (Gr) 
im by m 10, 445), and others eight or more rather irregularly arranged cells 
| their e seen in the transverse section (cf. fig. 143 F). The older cells 
izoids en Funded or discoid; all are capable of division. In the little- 
es the orm nee D P- 373) the branched, uni- or multiseriate threads 
me are endophytic in Flustra. 
E walls in hotho (0 p. 373, (137) p. 49), so far only found on leaves and 
levis ad. are ne is distinguished by the presence of several parietal 
chromatophores in each cell (fig. 143 K-M, c). The rarely 


, 189) i 
j Se 
upper angia el bes: 
d Tore Ere dens Chauv. ((53) pl. 246). According to some the species is 
Y named G, Alsidii (Zanard.) Howe ((56a) p. 553). 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized bwAtya Samaj Fgundati 
D ras 


his 
KO 
(83) P: 
fresh 
is Alle 
which 
48 sing 
almos 
cesses 
promi 
envelo 
simila 
Astero 

Chr 
orange 
is littl 
detail 
masse: 
T, V) 
C. mo 
which 
chrom 
and th 
TM 
or fou 
forat 


threac 

plast 

daugh 

Rejuy 

Wh 

Wccasi 

> ko 

s — à fied st 

Fig. 143. A, B, F, J, Goniotrichum elegans (Chauv.) Le Jol. A, habit; Sy 

, F, J, parts of the branching threads. C, D, G-I, Porphyridium SC ment 

(Ag.) Naeg.; C, stained cell; D, cell seen at a high focus; G, old ce en 
part of a stratum; I, two cells in optical section. E, O, P, Asterocytis; ^» 

A : smaragdina Reinsch, part of an epiphytic thread; P, the same, young Ee "Se 
O, A. ornata (Ag.) Hamel, branching thread. K-M, Phragmonem@ a j $ da 
Zopf; K, short thread; L, piece of same; M, cell in optical section. jii Mich 
spora sordida Geitler, small part of a stratum. Q-V, Chroothece sf "N 
Pascher & Petrova; Q, U, formation of mucilage-strands; R, T, V, ce Pak 


cultures, 


r ft 
m, mucilage; n, nuclei; p ide. fter Taylor; yJ 

den HD ; b, pyrenoids; st, starch. (A, B after ^f 
Rosenvinge; Q-V after Pascher & Petrová; the rest after Geitler. 
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of a dull violet or olive colour and exhibit ready 


Ils. 


i, spec the salt concentration; it is probably an eutrophic form 
(112) pP- 17): 


f s : 
dë, In nature the older cells are often filled with starch and 
ss single less but in well-nourished individuals the radiating pro- 
Imost CO $ 


n chromatophores, commonly dilated at their ends, become 
fig. 143 E, P). The cells can escape from the mucilage- 
d perform slow tortuous movements (tor); a mechanism 
“milar to that of Chroothece is suspected. Pascher, in fact, regards 
Mis as a colonial development of the latter genus. 
Be Richterianum Hansg. ((49) p. 353, (51) p. 104), occurring as 
orange- to brownish-yellow mucilage-masses on saline soils in Bohemia, 
i; little known, but Pascher and Petrová (93) have described in greater 
detail asecond species (C. nobilis), which forms greyish-yellow mucilage- 
masses on moorland soils. In both species the ellipsoidal cells (fig. 143 
T, V) possess a thick stratified pectic membrane. In nature those of 
C. mobilis for the most part occur in a resting condition (fig. 143 S) in 
which the cells are filled with starch (s£) and only the axile part of the 
chromatophore (c) persists, but if kept in the dark the starch vanishes 
and the stellate-blue-green chromatophore becomes apparent (fig. 143 
T, V, o). The cells multiply by transverse division into two (fig. 143 S) 
or four daughter-cells which secrete distinct membranes, but remain 
fora time enclosed in that of the parent, as a result of which temporary 
threads may be formed. The pyrenoid either divides with the proto- 
E or, more generally, a new pyrenoid is formed in one of the 
aughter-cells, the chromatophore gradually differentiating around it. 
pue of the cells is frequent. 
Mine um fuchsin, a mucilage-strand (fig. 143 Q, m), with 
sn i vee and as much as 50 times the length of the cell, 
Te ae Se in C. mobilis ; a similar, but more markedly strati- 
à no doubt SS in C. Richterianum. In C. mobilis the mucilage 
membranes and ES through the numerous pores which traverse the 
e nucleus js an specially abundant towards the poles (fig. 143 U). 
Z monly situated at that end of the cell from which 
a P» 1t (2) p. 451 (94) ) ; 
3 "a, Volleana (Han , P. 159, (103) p. 77, (109) p. 717, (131) p. 7; 


sg.) Lagerh. (Chroodactylon Wolleanum Hansg. (s0)), 
© a form of 4. ornata (32). : 


E fteshwat 
Possibly co fusion v members of Asterocytis require further study. There is 
vith similar Myxophyceae (30) p. 432). 


envelope an 
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active secretion is occurring. The formation of th 

less related to the rapid jerky, often zigzag, Bie EE Strands ba | 
hibited by occasional cells and last but for a fracti ments Which coul, | 
which a distance equal to ten times the length €cond 


à « 3 z f th > durin 
covered (cf. Desmids). Rise of temperature increases i S may 


the movement which is ascribed to rapid ab : u 
part of the mucilage. Sorption of water a SCH 
The spherical cells composing the crusts of Porphyrig; the Ti 
are provided with individual mucilage-envelopes Mn len | dis 
common mass of hyaline mucilage; at times they d embe ded a thall 
stalks which are sometimes branched ((126) p, 71). TRE Ucilage p? 
simple division in various directions. There is a Is multiply secto 
opinion as to the cell-structure ; Staehelin’s (116) di e differen, may 
large part erroneous (07) p. 457). The cell-wall is thin ana ein in ore 
143 D, G, I) and follows all changes in the volume of ds elastic (fg, Er 
(G6) p. 541). The body of the chromatophore, the red RE (fg. 
which is due to phycoerythrin ((37), (38), (86) P. 811), is e Oration of poss 
while the radiating processes are often short (fig. 143 D} Massive, met 
p. 601) completely lacking. The peripheral cytoplasm e Or (iy uppe 
processes of the chromatophore includes many small Beer E poin 
relatively large nucleus, which appears as a white area in the living m liber 
lies adpressed to the wall (fig. 143 I, n); when stained it Kurs and 
nucleolus and an outer nucleus devoid of chromatin (GD p. 366) 2 spor 
mitotic stages described by Lewis and Zirkle ((84) p. 338) are, according T 
to Geitler, misinterpretations. Both starch and fat may be present (t; calar 
p: 74). i and 
In recent years a number of other species, all with essentially the p.21 
same structure, have been described. P. aerugineum Geitler ((40), 0 prot 
p. 362), which is stated to be widely distributed in stagnant freshwates prot 
(42) and has also been found on soil (139), lacks phycoerythrin and owes enve 
its blue-green colour to the presence of phycocyanin. Kylin (77) ha thre 
recorded a marine species, at present only known in cultures tudi 
(P. marinum). beer 
Rhodospora (42) possesses cells with a central.nucleus and numerous T 
parietal discoid chromatophores (fig. 143 N). It forms indefinite masses shay 
of a red-violet or dull olive-green colour on archaic rocks. The cell pan 
multiply by division along three planes into 2-16 (usually 4-8) parts tme 
which are liberated by the rupture of the parent-membrane (fig. 143 N) 3 
rich 
REPRODUCTION OF BANGIALES Ss 
The only known method of multiplication in certain Fab Wi mer 
(Rhodospora, Chroothece, etc.) is by cell-division (autospore-forn d 
tion). Most Bangiales, however, exhibit asexual repro n: 
structures variously called monospores ((110) p. 309), neutr? a ; E 
! See (15), (37), (41) p. 71), (8 o) p. 315, (115) P+ 125) E ins ` 
(GO) p. 543) gives ar EN ae A MNT Kufferath (ane gu "y " 
(026) p. 99), who studied the alga in pure culture, state that it wi n jd 


darkness, even in the presence of glucose. 
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(103) P- 55). The first designation appears as 
dis adopted here. The naked monospores are 
Jl-defined aperture in the wall of the spo- 
), the process taking place either gradually or 


onidia ( 
ther an 


jum 
aly (O p 


Ay | len orangia of Porphyra are generally formed by crosswise 
On the The monosp vegetative cells perpendicular to the surface so that the 
eNtum division ° ie one-layered. Woese ee ((o) p. SS EED 
a hallus EA ally produced by one or two radial divisions in the 
EN 81) ie Ges mostly commencing at the apex of a thread; they 
by NUES Ce arise from an entire cell without division ((o) p. 311) 
Ye of ay. Bi Ihe cells of the young uniseriate threads (63) p. 3). 

aly in yen Tue (fig. 144 A, B; (9) p. 10, (103) p. 68), Erythrocladia 


o 
ic (fig, D. (103) P- 73) and Porphyropsis (fig. 144 D; (o3) p. 71) 


Opa L (fg. ore clearly differentiated monosporangia which are consti- 
SC Co Sat cells (m) cut off by a curved wall, usually from the 
; id ur E of a vegetative cell, after accumulation of cytoplasm at the 
nthe [| D t where the sporangium is to be formed. In Erythrotrichia, after 
Ko yin ‘on of the spore, the part of the vegetative cell below enlarges 
gol iss the cavity (fig. 144 À, the third cell from below) and further 
OWS a sporangia may be produced from these cells. 


). The 
ording 
t (126) 


The monospores of Colaconema are formed from terminal or inter- 
calary sporangia which may be cut off from a vegetative cell ((56) p. 113) 
and are sometimes detached as a whole (23). Those of Goniotrichum ((9) 


ly the ) p. 718, (19) p. 314), of Asterocytis ((109) p. 717, (131) p. 8), and 


, 27, (109) 
o), (41) GH of Porphyridium cruentum ((126) p. 78) are constituted by the 
waters protoplasts of the ordinary cells which round off and escape from their 
| owes envelopes; in Goniotrichum the process begins in the upper parts of the 
7) has threads and, according to Chemin ((24) p. 231), 1s preceded by longi- 
tures tudinal division of the parent-cells. Thick-walled akinetes have also 
been recorded in Asterocytis ((56a) p. 554, (103) p. 78, (131) p. 9). 
(Gu The monospores of Bangia and Porphyra show amoeboid changes of 
A shape ((9) p. 11, (75) p. 4, (98) p. 282) which do not appear to be accom- 
> cel 


panied by any appreciable translocation. They commence some little 


[pa tme after liberation and may continue for two days. Such changes of 
SE shape are also recorded in Porphyridium. The monospores of Erythro- 
ee and Goniotrichum do not appear to show this feature (cf. how- 
crear 147), although they exhibit gliding movements (Go) p. 11, 
taceat ments mm p. 73) which are sometimes quite rapid; similar move- 
orma- mechanism R observed in Porphyridium (68), (43), (126) p. 78). The 
on by tO exert a m. the movement is unknown, but light sometimes appears 
pores an Tective influence ((9) p. 11). 
Brand Error EEN is recorded only in Bangia, Porphyra, 
fischer ix, ua and Erythrocladia! and has so far not been observed 


a Earl; 
row In IEF acco T i 
| j unts (69,98) of the sexual process are erroneous. The details 


or Ery 
n Ythrocl d s 
kon sure (6) p. 112)) are unclear. ‘The exserted spermatia recall the 
ages figured for other Bangiales. 
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: S ation 
Fig. 144. A, B, G-I, Erythrotrichia; A, B, E. carnea (Dillw.) J. Ag., form 


A ores: 
and liberation of monospores; G, E. obscura Berth., formation E 
H, I, the same, male and female sex organs and fertilisation. ©, CO h 
subintegra Rosenv., monospore-formation. D, E, PorphyroP dem G, youn 
Ag.) Rosenv.; D, older thallus showing monospore-formation a fron 
thallus. F, J, K, N, O, Porphyra; F, P. umbilicalis (L.) J. Ag»? lower female 
the surface; J, P. tenera Kjellm., upper figure fertilisation dial frond IR 
organs and spermatia; K, P. laciniata (Lightf.) Ag. ante’ 
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member. Asin Florideae, the male cells (spermatia) 
shwate ee of movement.! The distribution of the sexes is 
of org . In monoecious species of Porphyra they are 
he male areas being yellowish-white or white, 

. 188, (60), (103) p. 62); P. tenera is andro- 
oy. In the Bangieae sexual organs are often formed 
er of the thallus, although growth may still continue in 


d 


Parts after the apical ones have begun to form reproductive 


p. 
S segregated, t 


cells. theridia of Porphyra (eo p- 216, (46) p. 227, (58) p. 210, (60) 
The E rol, (122) p. 60) arise by repeated division of the cells 
Ee The first wall is parallel to the surface (cf. however, (57) 
4 the products undergo two vertical divisions; further 
tal walls lead to the formation of 32-128 small cells which are 
h RS in several layers. Antheridium-formation commences at the 
arrange d es and gradually spreads towards the base of the thallus. 
qe M dia of Bangia are produced in the same way, their forma- 
TN proceeding basipetally ((26) p. 187, (98) p. 275) and com- 
involving the whole plant. The mature antheridiaare colourless, 
Ge Ets a small leucoplast ((9) p. 12, (26) pp. 200, 219, (58) p. 210, 
(p.262). The spermatia (fig. 144 K, s) are liberated by gelatinisation 
ofthe membranes, although the boundaries of the original parent-cells 
long remain recognisable. NH : 

In Erythrotrichia ((9) p. 13) the antheridia are formed in the same 
way as the monosporangia. The spermatia are larger than those of 
iJ Bangieae and have a more obvious plastid ; they exhibit some capacity 
for movement. The correspondence between monospores and 
spermatia evident in this genus is also shown in Porphyra atropur- 
purea (0) p. 13) where the same parent-cell may give rise both to 
monosporangia and antheridia; in such instances there are all transi- 
tions in size and colour between the two types of reproductive cells 
(cf. also p. 624). 

The female organs (commonly called carpogonia) often differ from 
Vegetative cells only in their somewhat larger size and more abundant 
contents (fig. 144 L, N, O, f). The surface is presumably always 


à i CL 
Een gametes described by Yendo (135) are no doubt parasitic 
192). 


ca 


section: N = ce eee 
nation DESEN P. atropurpurea (Olivi) De Toni, section, fertilisation and carpo- 


Daten ; PA 5 : e R 
ports fertilisation on; O, P. umbilicalis f. linearis, female organs in section: and 


e mn " M Bangia; L, B. fusco-purpurea (Dillw.) Lyngb., section, 
a (C Porangia; eu, cuti pumila Aresch., fertilisation. a, antheridia; ca, carpo- 
SÉ ; eee cuticle; i female cells; m, monosporangia or monospores, 
j front after Taylor: + connection between spermatium and carpogonium. Fe 
i SA un after Boergesen; C, after Kylin; D, E after Rosenvinge; 
ent SE ` erthold; J after Kunieda; K after Thuret & Bornet; L, O after 
» M after Darbishire.) 
RAÏ 


d 29 
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mucilaginous, since abundant spermatia (s), now e 
membrane, are found adhering to them. In Ẹ 
and diverse species of Porphyra (() p. 14, (26) 


nvelo 


P- 21 


rythrotrighas 2 a thin 28 


9, 
surface of the female organ is protruded (fig. 144 H 2 p. 388) d T 


is not clear whether this is primary or Secondary, It 

been recorded ((8) p. 81, (9) p. 15, (61) p. 145) DM DDR 
delayed, the female cells of Porphyra put forth ET Zeie W 
elongate hyaline protuberances to which spermatia c oth 
pronounced structures of the same type have been €: less 
Bangia. These outgrowths have been compared with c, observed i 

In the process of fertilisation! ((8), (9) p.14, G9 Ichogynes, 
(61) p. 144, (103) p. 63) the spermatium puts forth an A 222, (i 
process (fig. 144 H, L, N, O, ?) containing a thin strand aa delicate 
This penetrates rather rapidly through the thick membre plan, 
female protoplast (f), and the greater part of the Mu c to the 
spermatium (s) pass into the latter. Dangeard ((26) p. SH aah the 
the sexual nuclei in contact. The connecting strand of cyto LG served 

persists for a long time, while the empty spermatium-wall a na 
face soon disappears. Kunieda ((72 p. 389), who describes a EC 
different method of sexual fusion in Porphyra tenera (fig. Lu Ji 
suggests that the stages previously described do not mu 
fertilisation, but are due to the attack of a parasite; no adequate 
evidence is produced for this view. 

After fusion there is increase of cytoplasm and accumulation of 
starch in the female cell, while the chromatophore withdraws its 
processes and forms an irregular lobed mass. Rosenvinge ((105) p. 63) 
records the occurrence of groups of carpospores in P. umbilicalis, 
without any evidence of fertilisation-tubes, and suggests the possi- 
bility of an-apogamous development. 

In Erythrotrichia (ei p. 17) the undivided female protoplast is set 
free after fertilisation. In the Bangieae, on the other hand, thereis 
usually successive segmentation into eight? (rarely more) parts, from 
each of which a naked carpospore is liberated, although if the female 
cells are small, there may be fewer or no divisions (47) p. 436, (6). 
In Bangia the first wall is periclinal ((9) p. 16; anticlinal according to 
(26) p. 193), the later ones radial, while in Porphyra the first wall is 
parallel to the surface and each of the products divides into quadrants 
(& p. 80, (26) p. 215, (60) p. 243, (122) p. 60) so that the carposporn? 
normally lie in two layers (fig. 144 N). The mature sporangia pss 
gelatinous walls and their boundaries remain clearly visible after i 
escape of the carpospores (fig. 145 A, B). In P. tenera ul P: 3 
parts of the fronds containing the maturing carpospores become 


Url 
an adhere. 


: The stages described by Knox ((68) p. 129) are open to en we 
_ Hence the name octospores used by Janczewski (60) and Ger py Reinke 
fusions between escaped carpospores and spermatia describe : 
((98) p. 276) are erroneous. 
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ide latter are stated to remain dormant throughout spring 
and t 
eG; 5 ü 
immer g carpospores, which are always naked, contain much 
he Jibera ally not as large as the monospores, while their 
a 

ophore : ts ((9 p. 1 

amoeboid movements ((9) p. 17, (60) p. 244, (75) p. 6, 
nd off before forming a membrane. 


THE LIFE-CYCLE OF BANGIALES 


sason to believe that the Bangiales, like the less specialised 
2 haploid forms in which reduction takes place during 
+ divisions in the zygote; this has been demonstrated in 
the frst 36) p. 223) with some degree of probability. Sexual plants 
paplra C daning the cold season of the year, whilst at other times 
fati often bear monosporangia only. There can be no doubt that 
ia represent merely an accessory method of reproduction. Many 
Bangieae disappear altogether during the warm season (s+, 72,135). 

The monospores of the Bangieae develop direct into new plants 
(ep: 228, (26) pp- 205, 225, (29), (75) p. 5) and may germinate within 
the sporangia ((98) P- 281). After formation of a membrane the spore 
elongates (fig. 145 C, D) and divides transversely (fig. 145 E), the one 
cll giving rise to a rhizoid (7), while the other segments to form the 
primary filament (fig. 145 G-K); other rhizoids soon develop from 
the lower cells. 

The fate of the carpospores remains uncertain. According to 
Runieda ((72) p. 386) those of Porphyra tenera remain dormant 
throughout the warm season and give rise to fresh crops of plants in 
the late autumn; the method of germination is stated not to differ 
esentially from that of the monospores (fig. 145 M), although the 
gemlings have thicker walls and diffuse chromatophores. Earlier 
Investigators ((y) p. 19, (29), (46) p. 229, (69) pp. 244, 249, (75) p- 6, (98) 
d 2 (122) p. 61, (135) p. 81), studying the development of the carpo- 
in K Bangia and Porphyra in cultures, concluded that they gave 
el filamentous stages (fig. 145 L, O-Q), from which 
N MAS Dors were liberated (fig. 145 N). Kunieda (p. 391) 
studying SC Stages are pathological. Rees ((06), (97) P. 249), 
Beer ite-cycle of P. umbilicalis in nature, however, finds that 
fra fen D duce Short little-branched filaments lasting only 

Se gite rise j us multiplying by means of monospores; ultimately 
®) also conc] o the Porphyra-thallus. Uedär@t2s); cf. also (67) p. 206, 

cluded that the Japanese Porphyras persisted through the 


There i 
Florideae, 


Mmer as s 
The g It menu thalli reproducing by monospores. 
ink | ordinary Probable that, in the Northern Hemisphere at least, the 


thallus 
"NE or Other E Propagates both by monospores and by sexual means, 
times preponderating. While the monospores repro- 
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duce the thallus direct, the carpospores 
stage which lasts during the unfavourab] 
produces the ordinary plant. In some re 


Eie rise to à filam | 
5 and ulti wa | 
Ordinary thal i am 


ee 


RENTE 


p 
D 


Ee 


Ie 


Fig. 145. A, C-L, Bangia; A, B. pumila Aresch., carpospore-developmens 
C-K, B. fusco-purpurea (Dillw.) Lyngb., stages in germination of Dos nf 
spores; L, the same, germination of carpospores. B, N-Q, Porphyra "i f í 
(Lightf.) Ag.; B, surface-view of part of thallus with Carpospores and 
stages in germination of carpospores. M, P. tenera Kjellm., en 5, 
four stages in germination. c, chromatophores; ca, carposporesi Pi D Geet 
m, monospore( ?); 7, rhizoids. (A after Darbishire; B after Thure 

L after Reinke; M after Kunieda; the rest after Kylin.) 


e by means d 


found throughout the year. The probable persistenc carpal 


> TIUS cto 
minute filamentous stages recalls the condition 1n many 
(p. 132). 
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FFINITIES AND STATUS OF BANGIALES 
THE À^ 


nd cn! 

| from th : x 5 
a photosynthesis, and the methods of reproduction (cf. also 
icts 0 


The simple nuclei described in Porphyra tenera by Ishikawa 
"end on poor fixation, Dangeard (G6) pp. 198, 218, e7) has 
; hat those of Bangia and Porphyra possess a nucleolus and 
Mr Uc division in which centrosomes are recognised. In 
undergo a any important differences, the few resemblances cannot 
Ee evidence of an affinity with Myxophyceae. 
sing the relationship to Florideae, it may be noted that, 
apart from the simple vegetative structure, the absence of apical 
rowth, and the lack of pits between the cells (p. 423), there are im- 
ortant contrasts in reproduction. I hus, the reproductive organs are 
formed from intercalary cells(6), the female organs are less specialised, 
and the entire zygote is used to form carpospores (cf. also (138). 
Syedelius ((119) p. 228) does not regard the female organs as homo- 
logous with those of Florideae, since outgrowths resembling tricho- 
gnes are only sometimes present. Schmitz ((108) p. 235) also empha- 
ssed the differences in the method of fertilisation. 

On the other hand, there are marked resemblances in the pigmenta- 
tion of the chromatophores, in the presence of Floridean starch ((rs) 
P415, 66) pp. 195, 218), in the general character of the spermatia and 
carpospores (especially their non-motility), and in the similarity be- 
tween the life-cycle and that of Nemalionales. The chromatophores 
contain phycoerythrin and phycocyanin, as wellas chlorophyll, carotene 
ri Rapt Toph (03) p. 193, 70), and in Porphyra tenera the 
um the stated (117) to be identical with those in Ceramium 
| ae same is true of the phycoerythrin in Porphyridium 
n ! (5 p. 3), although that of P. cruentum (G3) p. 191, (a7), (86) 


aciniala P808) seems S z : : À : 
Not )scems to be a different modification, resembling that found in 


(6 


> 


ER RAN TED 


, “Wxophyces zu à: S à y 
Je an ee Kylin Go specially emphasises the identity of the 
engl) ol Bangiales and l‘lorideae : contrast with Mvxo- 
Bornet; Phyceae and o Florideae and the contrast with My 


ther groups. In certain Porphyridiaceae the phyco- 


Canin evi 
ide : à s 
ntly predominates over phycoerythrin, and is perhaps 


, ME present. 
Sch De Physiologic 
arp A onjunctio 


R : 
Sthvinge (104) a] 


al resemblances are probably significant, wher 
n with the general parallel in reproductive methods 
so lays stress on the similarity between the cell- 
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structure of many Bangiales and diverse Nemalional 

two orders also resemble one another in the ADM P. 402): th 
exhibited by the spores. For these and other reason RE Movements 
name Protoflorideae which I have hesitated to aan 8 Pose 
doubtful whether the Bangiales can be regarded as re i 


Florideae. The undoubted marks of relationsh 
due to divergent development from a comm 
clined to regard forms like Erythrotrichia and 
primitive members of the group, despite the rather Specialised mo 
sporangia of the former, because in their heterotrichon ised Thong 
show the nearest approach to what was probably the S habit they 
Bangiales and Florideae. Prototype of 
The classification here adopted is as follows: 


1 ls 
R Ursorg 
1 SEIS of 
P are more likely 4 he 
On ancestry. 0 be 


Kyliniella as SCH In. 


(a) Bangiaceae: Bangia, Colaconema (?), Erythrocladia 
trichia, Kyliniella, Porphyra, Porphyropsis. } 
(b) Porphyridiaceae: Allogonium, Asterocytis, Chroothece Gon 
trichum, Neevea, Phragmonema, Porphyridium, Rhodospora, RW 


Erythro. 


UNCERTAIN BANGIALES 


Compsopogon* is chiefly a denizen of tropical and subtropical streams 
although it has been recorded from ponds (19) and from tidal waters It 
occasional occurrence in temperate regions is no doubt due to introduc- 
tion by shipping. Thus, C. leptoclados Mont. has been found in a part 
of the Reddish Canal, Manchester, where there is an influx of hot water 
from cotton mills (G29) p. 5). The rather coarse, richly branched 
threads are blue- or violet-green in colour. In the younger parts (fig. 
146 A) they consist of flat cells formed by transverse division of the 
segments of the apical cell (a), but in the older parts the cells become 
greatly enlarged and barrel-shaped (fig. 146 B, ax); there are no pits. 
At some distance from the apex the axial cells cut off successive peri- 
pheral segments, which ultimately unite to form a compact cortex (co) 
of deeply pigmented cells through which the almost colourless axial 
ones are plainly visible. The cells of the cortex multiply by anticlinal 
division and sometimes divide.to form 2-4 layers. No cortex is pro- 
duced in the basal parts of the threads, where, however, the axial cell 
are commonly overgrown by septate rhizoids emanating from the lower 
cells ((121) p. 262). Branches arise before the cortex is formed (fig. "n 
A), although short secondary branches may later originate fom: 
cortical cells. o 
The cells contain numerous parictal oval to oblong chromatopho 
(fig. 146 C) which are sometimes lobed ((114) p. 605, (20 P: a not 
thread-like chromatophores drawn by Schmitz ((19) P: 319) d 
been recorded by others. The cytoplasm of the axial cells 
circulation. 5, of which 
The only method of reproduction known is by One and 
Thaxter ((21) p. 263) distinguishes two kinds; both are SP 


3 ; uzi). 
1 See (2), (3), (87) p. 298, (110) p. 318, (114) p. 605, (115) P- = 
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Pig 146. A-H, Com 


E, threads With Psopogon; A, E-H, C. caeruleus Mont.; A, tip of a thread; 


ma); H, iberation en G, small part of same, with macrosporangia 
thread with cortex: C spore; B, C. aeruginosus (J. Ag.) Kütz., part of older 
dën, T jc Rhod. me same, chromatophores; D, the same, older thread 
d'r same enlar SE taete pulchella Thur.; I, thread with monosporangia; 
ters; p, ged; K, liberation of monospore. L-O, Conchocelis rosea 
Spital cell: gy young growth; N, O, enlarged to show chromatophores. 
ne Monospores: d cells; c, chromatophores; co, cortex; m, monosporangia 
a after kuja; En osporangia; mi, microsporangia. (A after Schmitz; 

8e.) D after Thaxter: I-K after Bornet; L-O after Rosen- 
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motionless, with dense contents and large nuclei. Hi 

sporangia (fig. 146 E, ma) are always solitary, while e SO-calleq S 
(fig. 146 F, mi) for the most part form somewhat e microspop U: 
They develop either from the uncorticated cells d Projectin Ni 
tuting the cortex. The macrosporangia, whic Tom those Déi 


; : h are € Cong 
wall (fig. 146 G, ma), liberate their contents through = off by a Curved 


wall (fig. 146 H), after which the parent-cell enla N aperture in 

d us a peed rges the 
cavity; this is very reminiscent of Erythrotrichia. Shu; and fills th 
however, regards the macrosporangia as arrested s (g) p. $) 
siders that they develop only under cultural conditis ER and con. 
his view the normal organs of multiplication are the = Accordin to 

In the coloration of the chromatophores, the method E 
and the absence of pit-connections between the cells e “Production, 
tions of affinity with Bangiales and, in view of the ne are indica. 
of the latter, it is not improbable that they might have Ze evelopment 
elaborate types. A renewed investigation of Compsopo Me Into more 
habitats may cast further light on this problematic fe "D tropical 

Reference should also be made to Rhodochaete ((14) p. Ag a 
a minute marine epiphyte with simple branched on 
apical growth (fig. 146 I) and reproduction by monosporze (s LL 
duced in essentially the same manner as in Erythrotrichie SE 
are stated to occur in the septa between adjacent cells. The ten re, 
very obscure. 

Another uncertain member of Bangiales is Conchocelis rosea (4), which 
lives in the shells of Molluscs or the tubes of Serpulids. It seems tob 
widespread in water of some slight depth in North Atlantic and Ara 
seas ((63) p. 131, (95) pp. 54, 257, (103a) p. 111, (106) p. 618) where, to- 
gether with Blue-green Algae of a similar habit, it is stated to play Go) 
a part in the erosion of limestone rocks. The young growth (fig. 146, 
L, M) consists of narrow threads composed of elongate cells of 
irregular shape; later the filaments branch richly and form a more or 
less continuous layer. According to Jénsson the cells contain a stellate 
chromatophore (cf. also (ro) p. 349), but Rosenvinge ((16) p. 619) 
describes a number of ribbon-shaped ones (fig. 146 N, O, c); he also 
records small pit-connections between the cells. The fertile tracts are 
formed by short branched threads (fig. 146 N, O) which develop from 
swollen vegetative cells. The cells possess dense contents with plentiful 
starch and give rise to monospores. ; 

Batters regarded this alga as closely related to Erythrotrichia, 
although Colaconema would perhaps be a better subject for comparison, 
The presence of pit-connections distinguishes it from the true Bangiales, 
but a reference to any particular group of Florideae is on present know- 
ledge impossible. 


are 


NEL ON NR à Ostreobium Queketit 

. 36) regarded this alga as a form of Ostre zi 
Born. et Flah. (r, p. 426), but was probably confusing it with a SS 
the latter (cf. (95) Pp. 257). 
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Sub-class II. FLORIDEAE 
A. THE VEGETATIVE ORGANS 


1. THE GENERAL FEATURES OF THALLUS-STRUCTURE 


The simple non-elaborated filament is rare among Florideae, being 
seen only in Acrochaetium (fig. 148 A-C) and its immediate allies 
(P. 450), as well as in certain Ceramiaceae.! The majority exhibit a 
more complex structure, although often remaining filiform in outward 
appearance, since elaboration is rarely associated with any great in- 
crease in bulk. Sections of such forms, however, often display a com: 
pact tissue which may show considerable differentiation. In Gigar- 
tinaceae and Delesseriaceae a foliose habit is developed, while certain 
families (Squamariaceae, Corallinaceae) consist largely or entirely of 
crust-forming types. The branching of the thalli, though E dy 
pearing dichotomous, is probably for the most part monopodias A 
All Florideae, no matter how compact their structure, are TN 
of systems of richly branched threads ((o2) p. 8, (586) p. AD 
latter may be but loosely connected and readily diste TE rare 
(Batrachospermum, fig. 150 B, C; Nemalion, fig. 158 C, D) SE 
so closely fitted together that the filamentous derivation E e m 
recognise (Furcellaria, fig. 163 A; Chondrus, fig. 175 ^ ‘bedded in 
threads of most of the more loosely branched forms are em 


; d asl » 737: 
* For an epitome of the classification of Florideae, see P: 73 
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mucilage; in the more compact types this is denser and 
ect the diverse units and their branches. In the 

SC the basis of construction of the thallus it is often 
D stinguish (fig. 150 À) main axes of unlimited (a) and 
e Bee growth (w), the latter in many instances closely 
jterals d val commonly arising 1n opposite pairs or whorls from 
git (ie main axes (cf. also fig. 154 C). 
the cells © ct though closely related, variants of this type of struc- 
t with in primitive and more specialised groups alike, 

few Florideae that cannot be referred to one type or 
d there are iaxial forms (e.g. Sirodotia, fi : 
an her. In the uniaxial to D "009, Ng. 150 A; 
the oti Aan, fig. 153 B) the main axes (a) consist of a single row of 
Cam e cells: in the multiaxial types (e.g. Nemalion, fig. 158 D: 
often TOM 159 À) the axes (a, m) are composed of a number of 
Bea or subparallel threads. This is the only essential difference 
en the two (cf. (soz) p. 254). The germinating spores of many 
\emalionales and Cryptonemiales first give rise to a prostrate system 
(its 153 C, bs; 159 D, 4), which is commonly discoid and produces 
more or less numerous erect threads (339,379). It is by the further de- 
velopment of one (uniaxial) or of a group (multiaxial) of the latter that 
theerect thallus is produced. The structure of these forms is therefore 
bed on a primary heterotrichous condition (I, p. 21), which is 
equally recognisable, though in a modified form, in the early stages of 
development of Gigartinales (figs. 167 I-K; 169 C) and Rhody- 
meniales (figs. 182 E, F; 183 D, E). Alone in Ceramiales, where the 
grmlings appear invariably to lack a prostrate system (figs. 185 D-F; 
194 D, E), is the heterotrichous habit altogether suppressed. In its 
dominance in the less specialised and its disappearance in the most 
om orders, the Florideae show a close parallel with Phaeo- 
phyceae (p. 21 and (770). 

Uni- and multiaxial construction are in general characteristic of 
See units (687) p- 104). All Rhodymeniales are multi- 
-— Ceramiales! uniaxial, but in other orders both types are 
iiim. n cient families. Many Cryptonemiales are uniaxial, 
dA Kee, for instance, are multiaxial. In the 
aial, while ch, e less specialised members (Endocladia, etc.) are uni- 
Gp. 46 € more specialised Gigartinaceae are multiaxial. Kylin 
eon ) regards the multiaxial state of these forms as secondary, 


Utthe basi n 
c heterotrichy affords the means for a ready passage from 


ME type of 
constructi 
A second ction to the other. 


à f SCH : SAT 
Met apical undamental characteristic of the Florideae lies in the 
Dm is c 
1 


re are ME 


„en Of the threads composing the thallus. This 


H ected by apical cells ((s) p. 11, (86 p. 217)! which are 


few D l 4 
d S distingui Droe (e.g. Nitophyllum, Cryptopleura) no central thread 
Fan and growth is effected by division of the marginal cells 
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often dome-shaped (e.g. Lemanea, fig. 156 I, m) and 
series of segments (s) parallel to the base, although in ; Cut off a um 
types they are two- (fig. 166 A, C) or three-sided is eain advance 
rise to as many series of segments. 'The segments the A) an Bi 
cut off laterally two or more pericentral cells (fig. 154 Ro usually 
in many Florideae (not in most Rhodomelaceae) act as th e? whic 
of laterals; these are not uncommonly whorled fis © apical cell 
D, E). The remainder of the segment, constitut à 
for the most part undergoes no further sept 
passing through the axis of a segment, whet 
tudinal, are formed only in a few special i 
some Delesseriaceae, (seo) p. 112). In other wor 
Florideae is effected almost solely by apical row, EEE in 
usually no intercalary division. of the segments (cf. also a there jg 
(519) p. 177, (599) p. 299). 9 p. 66, 
As a result of this apical growth and of the for 
from juxtaposed filaments, the inner cells of 
pseudo-parenchymatous types, which undergo 
become markedly stretched; they are often bro 
elongated, while towards the periphery the cells 
shorter and smaller (figs. 167 C; 175 B). The primary construction 
often more or less obscured by the development, from various internal 
cells, of septate hyphae which push their way in all directions (often 
for the most part longitudinally, figs. 156 L; 166 F, hy) between the 
cells already present. In many compact forms the superficial layer, 


representing the apical cells of the ultimate branches of the filaments, 
is meristematic. ; 


A vlt 
ing the Central cell 2 
P ation, Division Wally 
ET transverse Or long 
nstances (Corallinacese 
, 


mation of the thallus 
most of the Compact 

no further division 
ad and considerably 
become progressively 


2. PIT-CONNECTIONS! 


Genetically related cells, forming part of the same thread and derived 
from a common parent-cell by division, are in practically all Florideie 
connected by conspicuous pits in the septa; such primary pits e 
single-and generally circular (figs. 139 B, pi; 147 H). They ar Ze 
to be lacking in Batrachospermum (469) p. 231). The pits are CF 
tinguishable already in young septa and occupy the axis ah 
the two daughter-nuclei. When first formed they are Zb 
narroW, and only attain their full width as the segment SC “Wher 
some instances they occupy the entire septum (cf. fig. Zu ) BR 
not directly obvious, they can generally be rendered eu d Ge 
ment of the material with hydrochloric acid or caustic E? cn to 
membranes often stain with methyl green or saffranin. AC 


! The abundant, mostly earlier, researches that failed p 
these structures cannot be considered here (cf. (192) P- dd i h 
P. 296, (452), (466), (692) p. 100). Many older workers tho D 
Were open canals. 
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they react to stains in the same way as the 


| 2) p. 24 
à sing] | aber C ce of the as best 3 
lan | icle «cavities are OCCUPIE by NOE cytoplasmic strands. 
nd gi | e P! lied to either side of the pit-membrane one can often 
mu geet 5 circular discs (cf. also (338) p. 100, (469) P- 232) staining 
wi matoxylin (fig. 147 J-M, d). Recent investigations 


Cal ce] readily Y ;d to show that the discs consist of a thickened peripheral 


MI (103,409 ining ectic substances and supporting a delicate plasma- 
elt ring °° t . according to Celan (99) they contain lipoids. The discs are 
n wall; memb SE parate from the adjacent cytoplasm and are, according 
r longi. Aë Ketten) connected by fine cytoplasmic strands (fig. 147 
Naceae, toma iy yhich traverse the pit-membrane and are sometimes re- 
nent jn | BB PH periphery; others (Gs) p. 177, (335) p. 23, (338), (469) 
here is gricted = denied the existence of such cytoplasmic connections. 
) p. 66, 94 m appearance of the pit-membrane has frequently been 

À E (io) p. 595; (291) p. 370, (742) p. 76). Schmitz regarded the 
thallus | ff odifications of the cytoplasm lining the pit-membrane; they 
OT pact ic E red from the vacuole by a layer of cytoplasm, which is often 
ae WC deeply staining matter and may show a fibrous structure ((192) 
ame p.22, 629 P. 283). In plasmolysed cells the cytoplasm adheres to the 
vm discs which retain their position at the bottom ‚of the pit-cavity. 
nternal Jungers (G35) P- 23) concludes that the discs are part of the membrane; 
(often in Griffithsia and Ceramium, moreover, he claims that the pits consist 


of a single lenticular body (fig. 147 L) and that no separate pit- 


membrane is distinguishable. 
The exact nature of the pit-connections thus remains undecided, 


and there is possibly some variety in structure. However that may be, 
they are probably of importance in the transport of food-material and 
perhaps also in conduction of stimuli. 


een the 
| layer, 
ments, 


Mangenot ((442); cf. also (99)), examining especially the gonimoblasts 


lerived 

yrideae tp. 599) of diverse Ceramiales, denies the presence of a pit-membrane 
die are and describes certain differences between the discs on the two sides of 
stated e pit. Enlargement of the pit-connections is usual in the region of 
re dis- Ke cytocarps and this may be associated with disappearance 
recting of intervening membrane (cf. (400) p. 32). The fréquent presence 
atively p "membranes between the vegetative cells must, however, be re- 
ce TN garded as established. 

Where eerie cuales (100), (152), (152), (466) p. 616, (524)) a strand of 
Leet MN) ee from pit to pit across the central vacuole (fig. 147 
he pit: Species of Gat which is specially obvious in the axial cells of certain 
ling H form of a Y mium. When the threads fork, the strand assumes the 


With three arms of about equal length; the older strands 
much attenuated. Tylose-like ingrowths from the cortical 
cells have been recorded in Ceramium rubrum ((s24) p. 289). 


May become 


idate 
ucida into the axial 


s), 6) 
the pits Un 
(14 
bei (586) D PP. 142, 164, (192) p. 11, (232) p. 105, (352) p. 344, (428) P- 642, 

P. 218, (599) p. 300. ` 
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Fig. 147. A, Gloeosiphonia capillaris Carm., apex with unicellular hairs (I). 
B, H-J, Rhodomela subfusca (Woodw.) C. Ag., pit-connections, in B from the 
surface. C-G, Polysiphonia violacea (Roth) Grev.; C, part of thread in 
surface-view showing various stages (1-3) of formation of secondary PIE 
connections; D-G, successive stages in formation of a secondary pit- 
connection. K, Bornetia secundiflora (J. Ag.) Thur., pit-connection in som 
» Griffithsia setacea (Ellis) Ag., ditto. M, Ceramium echionotum J. Ag. 8X 
cell with median cytoplasmic strand. N Heterosiphonia plumosa (Ellis) Batt. 
single cell showing the same. as, axile cytoplasmic strand; c, chromatophor 
co, cortical cell; cr, crystalloid; d, discs of pit-connection; h, hair; ™ pir 
membrane; y, nucleus; p, pit-connection; pl, plasmodesmae; 5 nente 
* Mj Secondary pit-connections; sp, spine. (A after Rosenvinge; Re 
Miranda; L after Jungers; M, N after Phillips; the rest after Falkenberg. 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


itized by Arya Samaj Foundation Chennai and eGangotri 


pIT-CONNECTIONS, HAIRS 449 


compact types, where the close juxtaposition of the 
more 
In the 


res the filamentous construction, the Pit-connections 
` ye 0 a rest value in tracing the genetic relationship of adjacent 
E en of E f the more specialised forms, however, sooner or later 
Du oa it-connections ((586) p. 218) between unrelated cells, 
‘a secon age to special physiological requirements, especially 
tin res BE ission of food-material. Such secondary connec- 
| Ingitu in moon in Nemalionales and Ceramiaceae, as well as in 
| qons are ER fess specialised Cryptonemiales and Gigartinales ((400) 
| AR S mode of development is readily studied in overlying 
La Eu of Polysiphonia, especially in those species that de- 
dm membranes at an early stage ((192) p. 13, (549), (551)). 
velop Ce st place the nucleus passes to the lower end of the cell and 
In Es whereupon one of the daughter-nuclei, together with a 
B runt of cytoplasm, is cut off by an oblique wall (fig. 147 D). 
Si formed septum progressively thickens (fig. 147 E) so that 
iog daughter-cell is gradually pastes towards one of the under- 
hing pericentrals (fig. 147 C, 7, 2); meanwhile a pit-connection (p) 
homes obvious between the pericentral and the daughter-cell. 
Ultimately the latter comes into contact and fuses with the pericentral 
below (fig. 147 C, 3), the pit-connection (p) now linking the two 
superposed pericentrals (fig. 147 F), each of which thus contains two 
alt, one at the upper and the other at the lower end. The septum 
soon assumes a horizontal position (fig. 147 G). In some Ceramiales 
(eg. Rhodomela subfusca, fig. 147 I, J) several secondary pit-connec- 
tions may be formed between adjacent cells (cf. also (389) p. 70). 


3. Hairs 


The peripheral cells in the younger parts of the thalli of many 
Forideae bear a more or less dense growth of elongate unicellular 
audes hairs (fig. 147 A) that sometimes reach a length of a milli- 
Ga more ((37) p. 675, (465) p. 75, (sso) p. 207). In certain families 
es Phyllophoraceae, Delesseriaceae) they are altogether 

ting, while in Rhodomelaceae their place is taken by the tricho- 


e ine e in some Florideae (Rhodymenia palmata) they are 
pit- deciduous * nite areas (558) p. 572, (745) p. 103). Although usually 
P Callithan » they sometimes persist even on the older parts (e.g. 
= al det: m corymbosum). The hairs are mostly thin-walled, with a 
m od Yer of cytoplasm surrounding the central vacuole; chro- 
ie ind then Rene) P. 111) recommends boiling in water or dilute glycerine 
rch; oe types for n nigrosine. Kylin ((380) p. 5) advocates soaking of com- 
after oa caustic Ve Ours in 1% hydrochloric acid, followed by clearing in 
g:) e, t some hours. The thallus can then be squeezed out on 


Th 
Cy a : 
{ome in d also iackin 


E in mo T AC 
iferent ma st Corallinaceae and, where they occur, 


nner (cf. p. 509). 


Pail 


30 
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matophores are generally lacking, although Sen e 
ones are sometimes (Plumaria elegans, Spermot Aon faintly col) 
young hairs.* . | imion) found nd 
In northern waters such hairs are most ab he | 
early summer and are often completely lacking in n in Spring a | 
of their development is usually (cf. however, es Inter, T 
the depth at which the alga grows, although in tha 3) Unrelarg t. 
(67) p. 679) they are stated to be best developed ee Me li AN 
situations. According to Berthold they constitute a well-illu ina 
intense illumination, and it cannot be denied that d otectio 
a rôle, although it is doubtful whether that is their by fulfil such 
function. Diverse authorities ((379) p. 11, (503) pc neat important 
view of their frequent restriction to the growing parie 214) in 
surface they present, have emphasised their probable = the large 
absorption of nutriment. Such a function is also in Ton 
their prevalence in the early part of the growing season Es With 
illuminated situations. Kylin ((379) p. 11) in Dis ES well. 
found that hair-development only took place in cultures Terenti 
nitrates had been added. 9 which 


À 
| 


N al 


4 


E. 
4. SIMPLE FILAMENTOUS TYPES à 
The most primitive structure among Florideae is found in Acro- d 
chaetium (Chantransia)? and Rhodochorton,? both members of the c 
Nemalionales with a wide distribution in the sea, although of the 
former one or two freshwater species are known; these are sometimes 
referred to a separate genus Audouinella (cf. (262) p. 45, (649) p. 127, 
(727) p. 191), but there appear to be no adequate grounds for separa- 
tion ((643) p. 177). Certain species of Acrochaetium possess a hetero: M 
trichous habit (e.g. A. Daviesii, fig. 148 A; (276) pl. 314; A. attenuatum, 
fig. 148 B; A. Hauckii Schiffner (s77) p. 133), while others are eret 
and attached by a well-marked basal cell (e.g. 4. parvulum (Kyl) 
; Regarding the hairs of Gracilaria and Corallinaceae, see pp. 488, 507: 
* Incl. Balbiania ((262) p. 49, (632)). De Candolle’s genus Chantransia com- 
prised a diversity of forms (Green Algae, stages in the development of E E 
Nemalionales (Batrachospermum, Lemanea, see pp. 455, 466), etc.), but gar “3 
include any of the marine forms now referred’ to Acrochaetium. This a Mi 
was established by Naegeli ((478) p. 402) for species until then Te fe 
Callithamnion, which Thuret (Got p. 106) included in Chantransia Ka GC 
(587)). Bornet's suggestion (66) that the name Acrochaetium should be mx s A 
for Species possessing sporangia only has rightly not met with DAS SÉ He 
SÉ be little doubt that the name Chantransia should be abandoned ^ bb 
P: 45, (34) p. 58, (50) p. 12, (262) p. 44). p t the b 
Y dochorton has been regarded as a member of Commit 140; Ky 
evidence is in favour of a close affinity with Acrochaetium., Drew enus Kaf 
cf. also (s65) p. 5) even places all the species of the latter 1n the g km 
chorton. 83, (470), sth is) 
See (175), (263) p. 99, (468), (369), (387), (424) p: 33, (€) P: ^? tri 


(701) p. 65. 
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8 C) Most are epi- or endophytes on other marine 
ch fig: Zen occur on Hydroids (G13), (323) p. 116), Bryozoa 
an 


Fig. 148, Acrochaetium. A, A. Daviesii (Dillw.) Naeg., entire plant with 
Lnosporangia, B, A. attenuatum (Rosenv.), showing the heterotrichous 
R C, A. crassipes Boerges. var. longiseta Boerges., showing axile chromato- 
si D, E, A. cytophagum (Rosenv.), reduced forms, with threads (a) i 
(Roser the cytoplasm (cy) of the cells of Porphyra. F, A. rhipidandrum | 
EN cell-structure. G-I, A. humile (Rosenv.); G, from the surface; | 
ees profile. J, 4. Polyides (Rosenv.) showing endophytic threads (a). | / 
» Dyre (prostrate) system; bc, basal cell; e, erect system; A, hair; r nucleus; 4 
Klin ta SP, sporangium. (A after Taylor; C after Boergesen; F after hi 
i the remainder after Rosenvinge.) JE 


(060), 
ig ees (27) p. 195), or on the shells of Molluscs; A. efflorescens 


often found on ingly minute (e.g. A. 
tif stones. Some are exceedingly min 
im (Bufth.) Batt.; 4. minimum Collins (139)). 
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The mode of germination of the Spores shows 
In certain species they produce a prostrate system 
pseudo-parenchymatous disc) bearing the erect thread (some; 
the original spore are recognisable 5; DO trac 
in the mature plant (fig. 148 B). 
Commonly, however, the spore 
persists (fig. 148 C) as a prominent 
basal cell (4c), which either consti- 
tutes the only means of attachment 
to the substratum (fig. 148 C; (sı) 
p. 13, (368) p. 124) or also produces 
radiating prostrate filaments (A. 
efflorescens, A. violaceum, (177) p. 441, 
(558) p. 81), from which further erect 
threads may arise; in some of the 
endophytic forms these secondary 
filaments penetrate into the sub- 
stratum ((s1) p. 28). In Kylinia ((424) 
P. 41, (438) p. 245, (558) p. 141), a 
minute epiphyte, the entire plant 
consists of a system of procumbent 
threads arising on all sides from the 
attaching cell and bearing terminal 
sporangia. The heterotrichous types 
are no doubt the most primitive. All 
species of Rhodochorton (fig. 149 A) 
are heterotrichous, the basal system 
(b) being commonly discoid.? 

Both in Acrochaetium and Rhodo- 
chorton the branches arise near the 


MEA N Bag 

top of the parent-cell (fig. 149 B). N nein n 
In Acrochaetium they commonly A, habit; B, cell-structure. C-E, oL R. 
terminate in hyaline hairs (fig. 148 R. floridulum (Dillw.) Naeg, cell- (uo) 
C, h) which mostly fall off at an structure (after ue In, 
early stage. If branching continues, er EE AN lower 
a sympodial construction may dci s d e 
arise ((368), (369) p. 1 15, (559) p. 211), the lateral displacing the hair n triche 
the part of the axis below it. In certain species (A. efflorescens) n " 
cells of the erect threads produce septate rhizoids which aid in attac ithe 
ment to the substratum. : 80) sider 
The cells of Acrochaetium usually possess a single axile (fg N ae The 
or parietal (fig. 148 F) chromatophore containing a pyreno! p; Ps 
1 See (51) P: 21, (66) p. xviii, (113), (129) p. 302, (263) p. 100, (264) p. 173) 2 Ly 
(558) p. 8r. Roser 


2 3) p. 79h 
* See (45) p. 389, (129) p. 308, (202) p. 268, (359) p. 345, (540) P: 59 (5$ 
(554) p. 23, (555), (558) p. 388, (701) p. 63. 
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82). The parietal chromatophores show considerable 
np. pearing as plates (fig. 148 F) or cylinders which are 

` (A. corymbiferum ((389) p. 5) and may be protruded 
ayity. In some species (4. efflorescens) there are com- 
i chromatophores * which may be spirally twisted and 
monly ae 4 number of pyrenoids (cf. also (154), (410) p. 4). In 
you e > (G0 P. 389, (359) P. 344, 478) P. 355) the cells mostly 
weilt"? i chromatophores which are either stellate with a central 
contain sever? pridulum, fig. 149 C, D ; (276) pl. 120 A) or band-shaped 
pre ( À yrenoi s (R. Rothii, fig. 149 B; R. membranaceum 
an ne lobes of the stellate chromatophores expand at their 
fit together to form an almost continuous parietal layer 
R. islandicum Rosenv. the cells contain numerous 


ips and n In 
149 Hl 
D chromatophores. 
tic species of Acrochaetium the erect system commonly 
sists merely of short threads bearing the sporangia or it may be 
Together suppressed ((169), (358) p. 391, (460) p. 277, (558) p. 82). Similar 
reduced types are found among the epiphytes ((so) p. 24; fig. 148 G-I) 
nd constitute an interesting parallel with Ectocarpus (p. 55). The 
sadophytic filaments are often of considerable length (fig. 148 J, a) and 
are probably for the most part intercellular, but A. cytobhagum ((558) 
p. 121; fig. 148 D, E) seems to be definitely parasitic, short laterals (a) 
penetrating into the cells (cy) of the host (cf. also (175) p. 153). In A. 
adozoica (Darb.) Hamel, where the elongate endophytic threads give 
rie at intervals to erect tufts, some of their branches are stated to 
penetrate into the living polyps. It has been suggested ((558) p. 82) that 
Colaconema (p. 424) may belong here. 
The erect threads of Rhodochorton usually branch, especially towards 
thetips (fig. 149 A). Several species occur on sand- and mud-covered 
rocks between tide-levels. The minute tufts of R. Rothii ((276) pl. 120 B, 
kw) are specially characteristic of the intertidal region and are often 
found at and above high-water mark, as well as in caves and other feebly 
lighted situations; at lower levels the tufts are longer. The basal system 
He membranaceum (fig. 235 H; Callithamnion membranaceum Magnus 
p.67, (558) p. 393) inhabits the chitinous walls of diverse hydroids. 
Marcum Rosenv. (55s), which forms a violet-red felt in caves, the 
Gë GER EN out into almost colourless stolons producing further 
trichous en Possibly serving for vegetative propagation. The hetero- 
abit speaks against a reference of this genus to Ceramiales. 


Calli i à : : 
ees and certain of its allies, though showing a filamentous 
Sidered 2 Similar to that of the genera of Nemalionales just con- 

„ Mave, like other Ceramiales, lost all traces of heterotrichy. 


2 Š 1 Q D H 
en Structure is probably the result of specialisation (see 


Inthe endophy 


IR 
"Or Such s 1 S x 
Senvinge ((s Pecies, which are also distinguished by seriate carpospores, 


58) p. 88) creates the subgenus Grania. 
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5. THE SIMPLER TYPES OF UNIAXIAL Cons 

AND THEIR ELaporation SUCTION 
The classical example of a simple uniaxial red alga i 
1 


freshwater Batrachospermum (sometimes 
alga), from which Strodotia (p. 610) does 


8a ıs 
Called the äis bY the 


à Top. 
not d B:Spayns 
iffer appreciably 


Jayere 
to the 
prostr 
ger 
beade 

Spe 
favou 
the m 
Some 


, C, Batrachospermum moniliforme Roth; B, habit; C, two whorls enlarged. 


D, B. vagum (Roth) A A 1 of lateral, 
o D GE EE of long branch (br) from basal cell o 


of late ; i ; arposporangia; 
w, whorls of laterale. (A rals; c, cortical threads; ca, carposp 


after Kylin; the rest after Sirodot.) 


vegetative characters. To the naked eye the mucilaginous growths of 
many; Batrachospermums} appear as chains of delicate beads (28: 
B. moniliforme, fig. 150 B). The thalli, which are violet or blue-gre*? 
in colour, show monopodial (often pseudo-dichotomous) branching 
and may be 20 or more centimetres in length. When magnified D 
150 C), each “bead” is seen to consist of a whorl (w) of dense) 
(631), (63) arres 


peren 
B. va 
Ge 
: 5 H amon 
Fig. 150. A, Sirodotia suecica Kylin, three whorls with cortical threads. 
i 
P 


1 
See (71), (132) p. 471, (223), (262) p. 281, (370), (510) p. 169, (512) 
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:mited growth, all of about the same length. The 
| di jaterals cs the septa (fig. 150 A) separating the elongate 
aris 


| just e cells contain a number of pari 
| ab Nn axes (a). Th parietal 


ER, renoids. i 
E f als top ores NP € long axes (fig. 151 À, a) cut off a single series 
e | dr » apical eich rapidly widen and lengthen, usually remaining 
| s 


. 150 À, C). The laterals consist of small, 
cells, and the ultimate branches commonly 
| ijosoidal OF surrounded by a basal sheath formed from the 
Ei ein em ye membrane of the bearing cell (678) p. 163, 
slt la is 134); in certain species (e.g. B. Dillenii Bory, 
76, (592 F "ndi hort. The members (f l 
dp? ]s remain very sno ts (frequently 
dti) the Wie ned successively from the pericentral cells 
" of a p from the parent-segment, while further branches of 
p.46 cut um (fig. 150 D, br) arise singly from the basal cell (b) 
unlimited DS of a whorl. These cells also give rise to cortical threads 
dag an which grow downwards over the cells of the main axes 
ët Le from view (fig. 150 C, c); in some species 
tel hide them from : D , 

and BE mm and Sirodotia ((64°) p. 299) they form a several- 
of Ba nvelope. Towards the base of the plant these threads extend 
rn E atum where they aid in attachment and augment the 
= ; 3 loping the axial cells commonly 

strate system (631). The threads enveloping 

Ze a secondary whorls, which may be so numerous that the 
Es appearance is almost entirely lost (e.g. B. vagum (Roth) Ag.). 
Species of Batrachospermum are widely distributed and usually 
fivour the well-aerated water of slow-moving streams ((82) p. 45) or 
themargins of lakes, where there is not much change of temperature. 
Some favour the pools of peat-moors (B. vagum (370) p. 11), but 
usually occur where there is a spring ((732) p. 424). In most the mature 
shoots are annual, but in a few (B. vagum, B. densum Sirod.) they are 


| perennial. Iltis (25) describes an interesting association between 
B. vagum and the snail Planorbis planorbis L. 

Germinating carpospores are not uncommonly found entangled 
ds, among the threads of the parent. The mode of germination ((129) 
d. P 314 pel, (506) p. 113, (582) p. 132, (631) p. 143) is one which is 
th fèquent among Nemalionales. A process arises on one side (seem- 
b Mel always the morphological base (240) p. 4, (582) p. 132), during 

ich the delicate outer membrane of the spore is ruptured. Most of 
d li cytoplasm passes into the process which is cut off by a septum 
3 N C, D) and undergoes transverse division (fig. 151 E) to form 
n E filament. The latter soon branches and gives rise to a 
d which st system (fig. 151 B, b) bearing erect branched threads (e) 
SS Dat tongly resemble those of an Acrochaetium; this is the so-called 
yy o stage ((71), (370) p. 10, (512), (631) P. 134, (633) p- 100). In 


) DN illuminated 


rested habitats ((631) p. 135) further development may be 


or long periods and, since abundant propagation of this 
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juvenile stage is effected by monosporangia ( 
those of Acrochaetium (p. 623), such stages 
as independent species and referred to the g 
Monospores may be formed in quite ear] 
Chantransia-stages are stated ((643) p. 174) to show SH ) 
from Acrochaetium in colour and mode of branchin TA di 

dotia altogether resemble those of Batrachospermums hose of S; 


fig. 151 B 


>” © m) reg 
wer embı; 
; € in the pam ab 
nus Chantramei Batdeq 


ESS 


Fig.151. Batrachospermum. A,B, B.ectocarpum Sirod., juvenile (Chantransia:) 
stages (after Sirodot); A with four adult shoots arising as lateral branches; 
B, with monosporangia. C-G, B. densum Sirod., stages in germination B 
carpospores (after Geitler). a, apical cell; b, basal and e, erect system 
l, lateral branches; m, monosporangia; s, segment; sp, monospore. 


As a general rule adult shoots, recognisable by their broad WÉI 
cells, arise from the chantransioid stages before they have UNIT 
very far. They usually originate from one of the erect fiume M 
from a branch of such a filament (fig. 151 A); they may, ia m 
arise directly from the prostrate system ((71) p. 283, (73) P- oa pe 
Largely, it is to be supposed, because of the frequent persiste À 

* Here belong C. chalybea, C. pygmaea, etc. (cf. (73)). see form? 


[4 
roposed t 
often found apart from the mature plant, Brand ((74) p. 112 DE 
name Pseudochantransia for them. 
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fun ideae (779) DA 
p iced Floride roduce erect branches (fig. 153 C), apart from those 
ich core mature plant (m); they may also bear sporangia. 


jse tO o ; » 
he “ Chantransia-stages" not uncommonly 


Th erect a rhizoids which spread over the substratum and, 

se al threads of the adult shoots, serve to extend 
em. These rhizoids may bear erect branches closely 
laterals formed from the cortical threads of 


m thic 

the robust ; 
La whorled branching al 
dori al threads from which secondary laterals may be formed. 
Ci 


rt 
* type of mature structure seen in Batrachospermum is repeated 
ji E modifications in diverse marine Florideae (cf. fig. 152 C), 
DU indrical branched thalli. In most of these, however, as a 
Ce the denser juxtaposition of the whorls, a beaded appearance 
d - manifest, and the branches of the laterals of limited growth 
Borg continuous, though not usually very closely compacted, enve- 
lope (cortex) to the long axes. Examples are afforded by Atractophora 
Iypnoides ((68) p. 50, (47), (387) p. 12, (478) p. 388, (766) p. 397; fig. 
12 G) among Nemalionales; the Mediterranean Thuretella ((69) 
p. 185;! fig. 152 C-E), Gloeosiphonia (see p. 459), Acrosymphytum 
purpuriferum (J. Ag.) Kyl? (G9 P. 12), and Dudresnaya among 
Cryptonemiales; Calosiphonia ((39) p. 3, (68) p. 38, (389) p. 37) among 
Gigartinales; as well as Crouania attenuata (Bornem.) Ag. ((s0) p. 230, 
tn) p. 226, @76) pl. 106, (478) p. 384) and Wrangelia penicillata 
(sp. 183, (386), (478) p. 382, (766) p. 373; fip. 152 À, F) among 
Ceramiales. Most of these are commoner in the warmer seas. 


The vegetative differences are not considerable. Most have a dome- 
pre apical cell, but in Wrangelia (fig. 152 B) the segments (s) are 
a and cut off in succession five pericentrals, the first being always 
SEPAN higher side of the segment which is situated alternately 
ateral did eft (1). The first pericentral gives rise to the most vigorous 
that the Vener (fig. 152 À, ml), and it is from its basal cell (b) alone 

Sentially the ous branches of unlimited growth (la) are produced. 
Sp, 506 2 Same structure is seen in Schimmelmannia ((389) p- 14, 
Pinnately e Xe 15), a member of Cryptonemiales with flattened 
Du resnaya E ed thalli found in warmer seas. In Thuretella, 
Mania the ba move (fig. 152 G, la), Calosiphonia and Schimmel- 
1 Dches of unlimited growth arise direct from one member 
1 As Crouania 


s aresnaya 
y Sjöstedt ech 


Schousboei Thur. 
urpurifera J. Ag. The genus Acrosymphy tum was established 
P. 85 cf. also (499) p. 106). 
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-a 


d 


f ; :th under Stagi 
Fig. 152. A, B, F, Wrangelia penicillata C. Ag.; A, part of a whorl SÉ i shog 
lying axial cell (a); B, apical cell (ac) showing mode of ER of the M De 
formation of laterals; F, transverse section through a matu prd ff B 
thallus. C-E, Thuretella Schousboei (Thur.) Schmitz; Se of laters f m 


thallus; D, parts of two axial cells (a) showing the bases of 
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ade Jast from the first lateral of each whorl; in Calo- 
T wht torals arise from the middle of the axial cells. 'T'he thick- 
NT ne Ils of Crouania bear only three members in each whorl. 
spr axial CE occinea (G9) P- 3) the lower cells of the primary laterals 
p ERG almost to the size of the axial cells, while the 
tly cal threads likewise become large-celled; as a result the 
i simulates a multiaxial one. In the older parts of 
atre $ m" laterals are shed and their basal cells become covered 
Jope of cortical threads (fig. 152 A, co; F, c). In Atracto- 
ick and Thuretella (fig. 152 D) the latter bear numerous 
152 that a relatively compact cortex is formed. 
P evelopment of Dudresnaya (ren p. 167, (129) p. 356, (339) 
p. 10) the protuberance from the spore (fig. 152 H, I) gives 
pan, to a prostrate system of richly branching threads which soon 
nse (J, E) \ a compact disc (L) growing mainly at its forward margin. 
nite to forn ae erect threads (M) terminate in hairs (h), but some 
Most of the E and produce the mature thalli (x); according to Killian 
continue Sr latter are lateral branches of erect threads (cf. Batracho- 
(559 P- Arie early stages of Atractophora ((108) p. 274, (129) p. 321) are 
BEN ouch here the germinating spore divides by a vertical wall 
Be sins recognisable within the prostrate disc that develops by out- 
Perth of the two cells ; creeping threads arising from the peripheral 
«ills divide at their tips to form secondary discs. 


Asan example of firmer construction among these uniaxial types 
Ghessiphonia capillaris ((68) p. 41, (276) pl. 57, (389) p. 10, (478) p. 387, 
(6) p. 13) may be described in somewhat greater detail; the richly 
branched thalli usually grow submerged. The apical cell (fig. 153 C, 
n) divides like that of Batrachospermu:n, but the laterals arise from 
the middle of the axial cells. Each of these (fig. 153 B, a) produces a 
whorl of four laterals (7), the large basal cell (b) of which bears a 
number of one-celled branches spreading out in the horizontal and 
vertical planes. These secondary branches in their turn give rise to 
others with progressively smaller cells, the ultimate ramifications 
inting, both in the transverse and longitudinal directions, with those 
N other adjacent laterals to form a cortex (co) covered by a well- 
uk cu (s), the cells of which contain numerous 
ec uu M chromatophores ((ss8) p. 277). The points of 
monly visible Es E branch-systems of successive whorls are com- 

ona arker transverse bands on the surface of the thallus. 

— nger parts bear numerous hairs (fig. 147 À). 


mE e 
a EN E 3 : 
frui a reads (co); E, transverse section through a whorl, with two 
Dudresnaya s ractophora hypnoides Crouan, small part of thallus. H-M, 
Sages in Rene mination of spores and juvenile stages; H-K, successive 
qx Nb a men T basal system; M, juvenile stage, with two adult 
wi el reads: ¢ S; b, basal cells of laterals; c, cortex; ca, carposporangia ; 
Bo E gro, » 6 erect thread; A, hairs; Z, laterals of limited and la, of 
), first lateral of whorl; s, carpospore. (C-E after 


Met & The ml (in A 
Tet; H-M after Killian; the rest after Kylin.) 
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The cortical threads, which arise both from the 


laterals and from the central cells, are almost co] E. cell Of the | id 
n theref ; 
Ore | and 


ee ; art 
Fig. 153. A, D, Dumontia incrassata Lamour.; A, longitudinal TES ve 
of thallus; D, habit. B, C, Gloeosiphonia capillaris Carm.; f three adult 
section of thallus; C, juvenile stage showing development 0* co, cortex; 
shoots (m). a, axial cells; b, basal cells of laterals; bs, basal DUE of thallus. 
d, basal disc; A, hairs; hy, hyphae; l, laterals; s, aur AUT Oltmannsi i 
P (A after Kylin; B after Bornet & Thuret; C after Kuckuck fro 
D after Taylor.) 
sorit occupy the d 
more appropriately spoken of as hyphae. The P form a de K 
interspaces between the laterals (fig. 153 B; hy) and la the rigidity of 


weft on the inner surface of the cortex, thus increasing 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


gitized by Arya Samaj Foundation Chennai and eGangotri 


SIMPLE UNIAXIAL TYPES 461 


cylinder. This is the more necessary, as the axial cells 
Ils of the laterals disintegrate in older parts. Some of 
ce fice secondary laterals which push between the 
ro dd to the density of the cortex. 
s of germination ((77) p. 288, (129) p. 353, (ss8) p. 277) 
E Batrachospermum, although the original spore is 
08 its contents. The primary filament gives rise to a one- 
o REH no doubt corresponds to the basal crust described 
Ser p. 199, (502) P. 242). This (fig. 153 C, bs) bears 
dac rt erect threads (e), often crowned by a unicellular hair 
$$ d d thalli (7) are formed from one or more of these 
heir branches (cf. Dudresnaya, p. 459). Gloeosiphonia 
ates by means of these crusts ((ss8) p. 278). 
eed Dumontia incrassata (D. filiformis Grev. 


m 
n and the 
reads or t 
probab 


The common seaw 


mn of essentially the same type (fig. 153 A); the hyphae often form 
tion ir pit-connections (p. 449) with other cells of the thallus. The 
Ad fstular thalli (fig. 153 D), which may be a centimetre or 
BE hick, arise from a broad perennial (cf. however (741)) basal crust 
4). This (cf. also (76), (363) P. 199, (379) P- 9, (538) p. 26) consists of 
dose-set vertical threads showing little branching and arising from 
aone-layered prostrate system. Certain parts of the crust may grow 
more actively and come to overlie others so that several strata may be 
recognisable (cf. Ralfsia among Phaeophyceae); by similar local 
growth the base of the annual frond becomes embedded in the crust 
after the upper part has disintegrated. The adult thallus is formed 
from one of the erect threads.! The germinating spores ((129) p. 368) 


divide to form a compact cushion of cells bearing long unicellular 
hairs. 


The slight compression evident in Dumontia is more marked in 
Sphaerococcus coronopifolius (Gigartinales, fig. 154 A), although the 
ultimate branchlets are cylindrical. The detailed structure ((351) p. 346, 
nee 47, (634) p. 36)? is much like that of Gloeosiphonia (fig. 154 C), 
ern being due to the more vigorous development of the 
ori Sarising from two of the four pericentrals ; the distichous branches 

einate from the apical cells of the favoured laterals. The early de- 


Een is described by Chemin ((120) p. 427). Cf. also Plocamium 


A similar compres 

eh de of Gel 
N. ((276) 

; Pl. 53, fig 


Naege|}? 

i 

Dum Gi and Dunn’s accounts of the apical structure are erroneous. 
‘though han p 435) s 

1 


her fi tates incorrectly that a number of threads are involved, 

jity of ; ‚Ohnson’s 5 1! shows the uniaxial structure quite clearly. ` 
y te (68) p €scription (328) is erroneous. 

57, (196), (205) p. 90, (288), (351) p. 700, (387) p. 25, (494). 


sion is seen in the stiff cartilaginous fronds of 
idium (especially G. latifolium (Grev.) Thur. & 
. 3) and Pterocladia® which mostly show repeated 
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pinnate branching (fig. 155 A). While thea 
essentially like that of the genera previou 
condition is only recognisable in the veryy 
since the cells produced from the four pri 


Biel Structure 
* y Considered, the S Bi | 
$ UNBest parts (cf. 8 Uniaxial > Fat 
ary Pericentrals soon AN DI 

Unde 


Fig.154. Sphaerococcus coronopifolius C. A. Ag. A, habit; B, transverse CHO (has 
of mature thallus; C, apical cell and segmentation; D, commencement a 
hypha-formation; E, diagram to show details of branching; F, G, EE 
primary segments; H, the same, later stage 7-4 successive ar simi 
their products. a, axial cells; ac, apical cell; co, cortex; h, hyphae; f hs 
p, pericentral (basal) cells; s, secondary laterals; se, segment; st PM t. 

of thallus. (A after Newton; B after Kylin; the remainder MU. A 


he Der 
80 pronounced lengthening and form an extensive medulla (n) p Sas 
abundant hyphae (hy), most of which have very thick w / mainly 7 
Pterocladia found only in the medulla, whilst in Gelidium E p.34 
Occupy a more peripheral position. The early development ( G) and the 


(339) p. 260) shows no evident prostrate system (fig. 155 ~~ 
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Fits. Gelidium. A, G. crinale (Turn.) Lamour.; B, C, G. cartilagineum 

Gaill; D-G, Pterocladia capillacea (Gmel.) Born and Thur. A, habit showing 

Dome (cy) and tetrasporic areas (t); B, apical cell (ac) and segmentation; 

Eee section of mature thallus; D-G, stages in germination. a, axial 

: el cell; ‚©, cortex; hy, hyphae; m, medullary cells; p, pericentral 

A after Tan, rhizoids; 5, surface-layer of thallus; sp, empty spore-membrane. 
4ylor; B, C after Kylin; the rest after Killian.) 1 


als and 

aterals; Similar situati i 

e-layer ations in the Medi 226) p. 382) and 
Sa ot farmer seas, iterranean ((36) p. 408, (226) p. 382) 


Are common betw The tufts of Pterocladia capillacea ((276) pl. 53, fig. 1) 


y. The DIETE een tide-levels. Gelidiella (Echinocaulon Kitz. (196) 
are In Seas, has nee besi pp. 88, 97), with small forms inhabiting warmer 
nainly m" yphae. 

KG Silo? Se cen 

nd the Moins m" nn ie in its reproduction than most of the genera 


Nsidered, Lemanea (@2), (23), (63), (380) p- 5, (soz) P. 249; 
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(629), (717), 672) shows marked modification of the ER 
type. The species are usually found during the Sch 
to rocks in water-falls and torrents; they favour sili Season, à 
p. 52). They are grouped in two subgenera nn Wat 
(23), which show certain differences in structure. E and Sa 
form of stiff, olive-green or greenish-black bristles € thalli t ke 
are simple or branched and normally reach a length 
Growth is effected by the usual dome-shaped apa] of 152 
but for some little distance behind the apex the SN (Fe. 61) i 
whorled branches are little obvious, although evi TERA read andık 
maturer parts (fig. 156 H, K, L). Enough in the 
The segments of the apical cell (fig. 156 I, s) cut 
(p), the two first formed (fig. 156 B, beled hm har Pere 
After this (fig. 156 I) small cells (4) are cut off at the upper e d 
pericentrals (p), two from each of the larger, but only one AS 
smaller; in transverse sections therefore either six (fig. 156 Den the 
(fig. 156 C) cells are found surrounding the axial cell. Allo he four 
pheral elements subsequently divide horizontally (cf. segments T 
in fig. 156 I, J) to produce vertical rows of cells (6 above (u) H 
below (/)) which surround the elongating central cell. Each pa 
central (fig. 156 E-G, p) cuts off successively on its outer side three 
cells (c), and a similar division takes place in each cell of the above. 
mentioned rows (cf. segment 79 in fig. 156 J). This results in the 
formation of a small-celled cortical layer (fig. 156 K, c) on the outside 
of a row of more elongate cells (x, 2). By further periclinal division of 
the peripheral cells (fig. 156 H) the cortical envelope becomes suc- 
cessively 2- to 4-layered. 
In the older parts the axial cells (fig. 156 H, K, L, a) are separated 


are connected with it by oval or pyriform cells 
Atkinson) which arise at regular intervals. The num oh 
tudinal threads (6 above and 4 below) remains CO ih soon 
siderable distance in Sacheria, but in Eulemanea bra laments G 
occurs so that there are 8 ascending and 8 descending 

P- 202). 
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LEMANEA. 


E 


USED CH 


Si 


[NA 


ne Lemanea. A, L. nodosa Kütz. (after Sirodot); B-K, L. (Sacheria) 
Shenae (after Kylin); L, L. australis Atkins (after Atkinson). A, habit; 
2h transve 


apical part a sections at successively lower levels; I, J, surface-view of the 
à ongitudi ES ristle, the numerals corresponding to the successive segment 
ligrammatic . section through a somewhat older part; L, the same (part! y 
Primary w and greatly enlarged) through a mature region, at the level o a 
Primary whorls: ith carpogonial branches (cb). a, axial cells; b, basal cells o: 
ti-cells A o 2 6 cells of primary cortical layer; ch, juvenile threads; co, 
17, ode” of bristle (point of contact of branch-systems of successive 
» Pericentra]. ae ae; 1, descending longitudinal threads; 7m, apical cell; 
Mal threads, cortical cells; s, segment; t, trichogyne; u, ascending longi- 
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The numerous short branch-systems, arising from en 
longitudinal threads and formed by the periclinal eas 
described, constitute the compact 2-4-layered Eos Re above 
The outer layer or layers are composed of smal] cells 5 
supplied with chromatophores. The swellings seen at raul Hei, 
on the bristles (fig. 156 À, K, d) mark the points SS = ar interval. 
ultimate branch-systems of successive whorls (cf. emt ei 
lie approximately midway between two points of Breen) and 
axial row. Hyphae are found only in Eulemanea (fig. 1561, ing of the 
produced from the proximal ends of the basal cells; they en D), being 
axial cells and partly fill the central cavity. They usually anne the 
wards, but in L. parvula Sirod. ((629) p. 19) they ms x down. 
Branching of the bristles ((22) p. 210) is effected by the Outa AA 
pericentral; the cavity of the branch communicates with m 


parent bristle. 


7 


The species of Sacheria are often more richly branched a 
favour more turbulent water than those of Eulemanea. To the latt 
belong L. annulata Kütz. and L. torulosa Sirod., while Sacheriaincludes 
such common species as L. fluviatilis Ag., L. fucina Bory, and L, Du 
losa Kütz. (regarded by some as a form of L. fucina). L. torulosa has 
been found in the littoral flora of lakes (546). 

The carpospores of Lemanea germinate in the last months of the year, 
often within the old bristles, and form a juvenile stage (fig. 157 C, G, ch) 
which resembles that of Batrachospermum, although apparently less 
capable of independent existence; it is not known to produce mono- 
spores ((22) p. 180, (23) p. 227, (72), (129) p. 320, (512) p. 191, (546), (629) 
p. 33, (693)). The perennial prostrate system may be filamentous or com- 
posed of polygonal cells. In Sacheria the erect threads are short, little 
branched, and ephemeral. The.mature bristles arise direct from the 
prostrate system or from a lateral branch of an erect thread ((629) p. 54; 
fig. 157 C). They are at first uniseriate (le) and only differ from the other 
threads in their broad flat cells; they soon produce rhizoids (fig. 157 
A, 7). Similar rhizoids emerge from the cells of the juvenile stage and 
both alike serve to strengthen the attachment and to extend the pro- 
strate system. Their tips may divide to form a secondary pros 
system (fig. 157 A, d) so that abundant vegetative propagation D SE 
and extensive mats are produced. According to Brand ((72) P. 187) n i 
in the wall of old bristles can also give rise to these juvenile stages: a 
manifest that they are directly comparable to those of Dudresnaya, 
Gloeosiphonia, etc. (cf. also (247) p. 6). , in 

Tuomeya fluviatilis ((275) p. 64, (599) p. 327, (611)), found m E 
the Eastern United States, appears as rather rigid, Se organ: 
tufts, up to 5 cm. high (fig. 157 F), fixed by a discoid attac a 
In transverse section (fig. 157 D) the mature parts CE er axial 
same structure as in Lemanea, the rather narrow cavity m 
cell (a) being filled with plentiful hyphae (hy). The apices VE dy, 
however, show nothing of the pseudo-parenchymatous 


nd seem to 
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eveloping whorls of laterals (2) being plainly recognisable, 

the ¢ d the apex they become distally compacted to form a 

ce. In these respects T'uomeya is intermediate between 
d Lemanea. 


Le of genera considered in this section exhibit a uniform 
he Melee mentation, combined with whorled branching. They 
ca degree of compactness attained, as well as in 


. 157 ch 


Se SEN A Lemanea mamillosa Kütz., base of plant (le) arising from juvenile 
P e c towing rhizoids (r), in part producing secondary discs (d). 
Le jns, Yomeya fluviatilis Harv.; B, apex of a growing plant; D, part of a 


tran à 
ected ) "d Ge ofa mature thallus; E, small part of thallus (diagrammatic); 
‚cells D ting crane annulata Kütz., juvenile stage (ch) with young thallus 

Iris of the ents ranch. G, Lemanea sp., young plant (le) with remains (ch) 
naya, ic inner and 2: stage at the base. a, axial cell; ac, apical cell; hy, hyphae; 

the rest „Outer cortex; J, lateral. (A after Atkinson; C, G after Sirodot; 

A in after Setchell.) >> | 
ched minor detai] : À 
rgan. tinguished " branching, hypha-production, etc. Lemanea is dis- 
h b SEI , à © parenchymatous structure of the tips, which require ; 
Sei b fle Maturer 9 relate them to the obvious filamentous construction E: 
7 2 to REA In this respect Lemanea constitutes a transition d 
T | Perenchymatanıc forms with a loose construction to the pseudo- è 


a 
“us forms dealt with in section 8 (p. 482). It must be 
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emphasised, however, that the diverse genera just cone: 
constitute a taxonomic series, DSidereq do no 
6. THE SIMPLER TYPES OF MULTIAXIAL 


Con 
AND THEIR ELABORATION  FUCTION 


The species of Nemalion, a simple multiaxial t 


same order as Batrachospermum, commonly occu bene ting to the hi 

and are widely distributed in North Temperate seas, alt, E ek froi 

? ugh More 158 

by 

fro 

cell 

ac 

mi 

Th 

tur 

sep 

I 

(379 

tht 

apt 

sec 

P. 

prc 

(Gi int 
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Be de 
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(f 

an 

gn 

| 
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frequent in warmer waters. Outwardly the thalli GER (bu d 

gelatinous cylinders reaching a length of 25 cm. and ne i 
N. multifidum; fig. 158 A; (276) pl. 36) showing some p 2 (Vellej) 

well as lateral branching ((ss8) p. 144); in N: helmint in is very i 


Batt. ((s4) p. 59; N. lubricum Duby), however, bran 
limited. The thalli are attached by a discoid base. ` 

The structure ((136) p. 324, (58) p. 144) is rea Pate 
exerting gentle pressure under a cover-glass on the tip ical cell 
The threads of the multiple axis, each provided wit 
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Il reach to about th 

matophores, à e same level (fig. 
m pear numerous richly branched laterals of limited growth 
30) and A). Near the summit these form a radiating group, 
d also E pack they assume a more horizontal disposition and con- 
T (c) around the axial threads (a), the density of 

d by the intercalation of further laterals. The 

“ic branches of the latter reach a uniform level and give the 
Aë en surface. In transverse sections of older parts (fig. 
fronds the axial threads (a) are separated by a wide space, occupied 
158 DY age and traversed by the proximal parts of the laterals (c), 
pm 


„y of chro 


o : 
Is Ta stellate chromatophore with a central pyrenoid and 
oy bear hyaline hairs ((s0) p. 62, (136) p. 327, (365), (748) p. 610). 


separation 0 


tially SETS 
En which the thallus is slightly flattened. Here the axial 


threads protrude, since laterals are only formed a little way below the 
per (fig. 159 A). Hyphae arise from their basal cells and give rise to 


secondary laterals. 


* The carpospores of Nemalion commence to germinate (3), (136) 
SE p.942, (579) P: 3 (429)) like those of Batrachospermum (p. 455), but the 
wi protuberance arising from the spore appears to divide horizontally 
7S, into an upper cell producing an erect thread and a lower one giving 
a rise to the prostrate system. Later stages (cf. also (s58) p. 144) are 
NS definitely heterotrichous, with a basal system of short rounded cells, 
I bearing well-branched erectthreads, and the mature thallus no doubt 
ye aises by further development of a group of the latter; the juvenile 

stage may last for some time before the erect fronds develop (29) 

; p.312). In Platoma ((363) p. 196) the spores produce a basal crust 

Ba (fg. 159 D), the erect threads (e) of which are closely apposed below 
ae of and may bear sporangia (sp); certain groups of threads sooner or later 
gest} SOW out into erect thalli (th). 

amy other Nemalionales possess a similar, though rather more 
as soft DR. M Si, Examples are furnished by Liagora (fig. 158 B. 
n (e£ ERE p: 66, (320) p. 554, (727) p. 198, (754)) where there is often 
ous, 3 Die Ze Trichogloea ((91), (666) p. 206), the often large 
Velley) adia Calvadosii? ((558) p. 147), and Helminthora divaricata* 
B We Bairdii Farlow ((34) p. 94, (193) p. 142); Helminthocladia 
red by Mructure of pen Ae: (33) p. 377). Bornet & Thuret ((68) p. 47) describe the 
T A . purpure, er species (P. marginifera (J. Ag.) Schmitz). 
pran I Pl 160), a J. Ag. (cf. (234) P. 212); Nemalion purpureum Chauv. ((276 
cal c Dudresnaya rez 


icata J. Ag. ((276) pl. 110). 
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; : esen- a 

Fig. 159. A, D, E, Platoma Bairdii (Farl.) Kuck.; A, diagrammatic Po) | c 

tation of the tips of two branches in course of dichotomies Fic, one of the (e 

Dum stage, bearing tetrasporangia (sp) and a developing thallus (n ) Seth. part la 
^ lateral branch-systems. B, Helminthocladia Caluadosti (Lamou riata «Bgu 
of lateral branch-system with sex organs. C, Helminthora die stocarps (9) 

-longitudinal section of small part of mature thallus, with Avene stage) se 

a, apical region of thallus; am, antheridia; 5, basal system e lb stages ") of 

c, chromatophores; cp, carpogonium; e, erect threads of J (B after Rosen- S, 


hairs; L lateral; m, multiple axis; p, pyrenoid; t, trichogyn’ d 
vinge; C after Thuret & Bornet ; the remainder after Kucku 
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. the last two are, like Nemalion, short-lived summer-forms 
(p? P: 63); with plentiful monopodial branching, found near low-water 
0P minthocladia (cf. also (450) p. 235) the cells of the laterals 
matk P are appreciably larger than those of the axial threads and 
(fg: 159. size towards the per iphery, while in Helminthora (fig. 159 C) 


crease reads (m) are large-celled. Unicellular hairs occur in both 
N he axial e. The deposition of lime in Liagora may be confined to the 
aa in some species the axial region becomes calcified at some 
or, from the apex; in this genus there is often considerable ‘pro- 

dista! ae. 
duction of pee spores of Helminthocladia and Helminthora give rise 
discoid prostrate system, the cells of which in the 
A stated (106) to contain a number of parietal discoid chromato- 
Tee The mode of origin of the erect thallus is not clearly established, 

ores. 

Somewhat greater specialisation is found in Scinaia furcellata! 
Nemalionales) ((68) p- 18, (202) p. 272, (266) p. 288, (617) p. 92, (671)), 


the prostrate system no doubt gives rise to the discs by which the 
but e attached. 


toa fi 
adult plants ar 


= widely distributed in the Mediterranean and Northern Atlantic, and 
js for the most part occurring below low-tide level. The gelatinous thalli 
2 (fip. 160 A), usually 10-20 cm. in length, are attached by a discoid 
B holdfast and show a compact tufted habit with abundant dichotomous 
branching. The apices of the axial threads are sunk in a depression 
(fig. 160 C, a) owing to rapid growth of the adjacent laterals. Near the 
summit the terminal cells (t) of the latter are elongate, but farther 
: back many of them enlarge to form a layer of colourless vesicular cells 
(fg. 160 B, e) which contain light-reflecting bodies ((37) p. 697; cf. 
also p. 585). The photosynthetic cells (p) are largely subterminal, 
although certain narrow terminal ones, which bear hairs (especially 
onthe younger parts) as well as reproductive organs (monosporangia, 
antheridia, cf. pp. 620, 623), also play a part; these cells may later 
D become vesicular. The chromatophores are devoid of pyrenoids. 
The inner cells of the laterals produce downgrowing hyphae which 
i stated ((617) pp. 86, 92) also to envelop the threads of the axial 
? ES The early development (Gos), (129) p. 360) does not differ 
s entially from that of other Nemalionales. 


ae pn of Galaxaura ((1) p. 32, (so) p. 88, (st) p. 65; (342), (666) 
(82) D. 594, (683), (711), (727) p. 208), found in warmer seas, have 


x à simil i : 

En Gus B neue with the same kind of apical depression, but the 
ré m ere usually strongly calcified (fig. 161 A), in some species 
eiie iue corymbifera Kjellm.) with joint-formation. The end-cells of the 
; n ntain a campanulate chromatophore with a large central 
s O^ "Gi 

N Ginnania furcellata 


5 See (619), 2 (Turn.) Mont. ((276) pl. 69). Regarding other species, 
Ban of Harvey qe authorities ((105) p. 93, (265) p. 85) regard the deep-water form 
S furcellata fo Species (S. subcostata (J. Ag.) Chemin) distinct from the 

und in the lower part of the tidal zone. 
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pyrenoid. Asexual and sexual plants often show a striking di 
Chaetangium ((599) p. 339), represented by a nose Morphin, 
Southern seas, shows diverse forms of uncalcified um Species in 
sometimes saccate ; the structure IS comparable to that a Which 
in C. saccatum (448) there is no apical depression, Sein ia, 


au 
À multiaxial structure, combined with marked calcificati 
in Corallina! (Cryptonemiales) ((652) p. 29, (692) p. 94, (s8) a 


are 


but 


18 Seen 


23). The 


— 


= 


LR 


LL 

— 

S 
EE 


Fig. 160. Scinaia furcellata (Turn.) Bivona. A, habit; B, small part showing’, 


the ends of the lateral branch-systems; C, apex of thallus. a, apical eal 
e, vesicular “epidermal” cells; m, mucilage-envelope; p, photosynthetic cells; 
t, tips of lateral threads. (A after Taylor; B and C after Svedelius.) 


erect thalli (fig. 161 C, D), composed of numerous calcified serm 
separated by uncalcified horny and flexible joints, arise from an 0 a 
extensive basal crust which is commonly lobed. The normal Do ; 
purple or red, although exposed plants are often pink or nm 
result of bleaching. C. officinalis L. ((276) pl. 222), widely ie — 
between tide-levels in the Northern Hemisphere; and C . m at 
Aresch., an important constituent of the Corallina-girdle situ editer- 
about low-tide level on exposed shores in many parts SS ‘branching 
ranean ((36) p. 410, (197) p. 202, (226) p. 257), show pinnate 


1 For other Corallinaceae, see p» 506. 
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473 : 
resent à characteristic feathery habit (fig. 161 C, D); 


ism, so that P Fubmerged pints are far less plentifully branched. 

5 in pr species, like C. rubens? (fig. 161 B), a widely distributed epi- 
are Othe 

but 

Seen 

The 


wing » 
cells; 
cells; 

Fig. 2 

lin Zi, x Galaxaura lapidescens (Sol.) Lamx. (after Boergesen). B, Coral- 
ents - ER de Ellis & Soland. (after Thuret & Bornet), bearing male (m) 
ften Thureti BU) essen as well as conceptacles of the parasitic Choreonema ; 
ur is C enlarged. ` chmitz (c); h, hairs. C, D, C. officinalis L. (after Taylor); P 
as 4 , 
uted Phyte bety à r , 
anea Dm, KE tide-marks, and C. pumila (Lamour.) Kütz. (Fania lá 
dat dichotomy e co P. 191), frequent in warmer seas, show true a 
E t vine Successive planes of branching intersecting at various ; 
hing ay SE rubens Lamou | ^ 


Benus of lour. ((276) pl. 252). The genus Jania is often regarded as i 
so! ; ue (cf. however (50) p. 191, (760) p. 123). C. rubens may tet 
“son ((659) p Ge ((351) p. 721, (558) p. 275), but according to Je 

* 38) this occurs only in the forma corniculata. 
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angles (oi p. 707, (659) P. 38). C. squamata Ellis (ng, D] 
flattened upper segments, is found near low-water mark s O1) with 
growths of Corallina occur between tide-levels in ET Conspicuous 
world (cf. @27)). 1 Y Parts o 
The multiaxial structure is readily recognised afte 
fication. The axial threads are composed of elong 2 pu decalei. 
arranged in horizontal series (fig. 162 F, L, especiall cells, often 
C. rubens (558) p. 276) and showing lateral fusions o Y marked in 
Their numerous branches (fig. 162 B, L) bend out E G, gj 
a compact but not sharply delimited cortex (c, very narı Dn 
rubens, fig. 162 F), the superficial cells of which are markedly fy in C. 
(cover-cells, co, p. 507). In C. rubens (fig. 162 F) Y Hattened 
species the enlarged end-cells of some of the corti 
into hairs (A), which are not separated from the parentes] | a 
p. 38). The peripheral cells contain a number of chromatophon 
The apex resembles that of Nemalion.1 Branching (fig. 162 Gi 
initiated in C. officinalis and C. mediterranea by the outgrowth of n 
axial threads (t) into usually three apical protuberances (fig. 162 a 
the median one (m) serving to continue the main axis, while the ty 
lateral ones (2) give rise to pinnae; when more than two pinnae are 
produced, some may develop outside the normal plane of ramification 
(658) p. 270). Adventitious branches occasionally originate from older 
arts. 
In the formation of a new segment the axial threads elongate con- 
siderably (fig. 162 B) without septation ((558) p. 272, (652) p. 28, (650) 
p. 30, (759) p. 26), while cytoplasm accumulates at their tips; later 
these are cut off by transverse septa and divide to form the new 
segment. The lower portions of the original outgrowing threads do not 
divide? but with continued lengthening and gradual thickening of 
their walls develop into the joint (geniculum, fig. 162 A, L, g) which 
bears the new segment above. In Fania (fig. 162 F, (74) p. 85) the 
joint-cells (g) are about as long as those composing the axial threads, 
but in other species of Corallina. they are appreciably longer D 
162 L); they produce little or no cortex and what is formed ic, 
organises at an early stage ((6sz) p. 28). Since deposition of lime S 
place mainly between the cortical threads, the joints remain 


and certain other 
cal rows pro 


calcified and, although they become more or less overgrown hy > A 
cortex of the adjacent segments (fig. 162 L), there 1s uu par 


where the component threads are freely exposed. adi 


mpo ive rise t0 4 
The germinating spores ((6s2) p. 23, (692) P: R Lee k 
rounded or elliptical disc (fig. 162 C, D) which no dou Join 
; 2 vered by a thick tud 
1 In C. mediterranea ((652) p. 31) each apical cell 5 SCH part, while I = 
lamellate wall, slightly impregnated with lime in its OU the apex: s Ý Do 
C. rubens ((652) p. 38) there is only a gelatinous layer oVef "verse wal Mt 


2 tra 
2 Solms-Laubach's statement that they later develop 4 few 


has not been confirmed by later workers. 
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Fig. e 
Cubes „rällinaceae. A-I, K, L, Corallina; A, L, Corallina sp.; B-F, 
part of Mane & Soland.; G-I, K, C. officinalis L. A, longitudinal section of 
Adichotomien: with 3 tetrasporic conceptacles (te); B, longitudinal section of 


: isi = i à Pens LA: 
Section of a ng apex; C-E, successive stages in germination; F, longitudinal 


s into K, edge of anal segment with the underlying joint (g); G-I, cell-fusions; 

; Joint (g) and asal crust in vertical section; L, longitudinal section through a 
thik dinal sectio ws of 2 adjacent segments. J, Amphiroa rigida Lam., longi- 
ile 10 T 9n through two segments, with joint (g). a, axial threads; c, 


ex; co [ 

E mes 8, joint (geniculum); A, hair; J, lateral and m, main 

an threads: fe el; s (in J), rows of short axial cells; t, tips of outgrowing 
"E after Thu » tetrasporangia. (A, photo: R. Cullen; B, F, J after Suneson; 
tet & Bornet; G-I, K after Rosenvinge; L, original.) 
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the basal crust of the mature plant. In C. offi 
crust (fig. 162 K) consists in its lower part of ¢ 
elongated cells E a short-celled 
nating in a cover-cell (co), a structure closely r 5 TN 
AU Melobesieae (p. 508). Several eredt ohm that ott 
from one and the same crust and a joint is formed Usually ariy 
origin of each. at the place S 
The reproductive organs of Corallina are borne in 
(figs. 245 I; 250 C; and p. 644) which, in C, officinalis rte 
terranea, occupy the apices of the branches, althou nd C. medi. 
species also produces lateral conceptacles (fig. 162 A te) whi 
times fuse with one another ; according to Solms-Laubach Ich some. 
such lateral conceptacles are really formed at the tips 
ventitious branches. In C. mediterranea (fig. 250 C) the 
of the conceptacles usually bears a considerable number 
In Jania (fig. 161 B) new segments arise from the upper c 
young female conceptacles ( f) so that the latter are lodged 
uppermost forks of the thallus ; the male conceptacles (m) 
on special branches. 


cinalis 


filaments G 


of short ad- 
Outer surface 
of stiff hairs, 
Orners of the 
between the 
are terminal 


Amphiroa ((652) p. 28, (659) p. 46, (724) p. 79, (758) p. 5), with a similar 
habit, differs in certain anatomical details (fig. 162 J). The characteristic 
cover-cells (co) extend right over the apex, whereas in Corallina they 
only appear at some distance below it. The elongate cells of the axial 
threads are interrupted at intervals (s) by rows of short ones, a feature 
which is perhaps related to periodic growth. In certain species the 
joints consist of two (e.g. A. rigida, fig. 162 J, g) or several (A. dilatata, 
A. crassa Lamx.) rows of cells of about the same length as the other 
axial ones. Adjacent cells in medulla and cortex are connected by 
secondary pits ((659) p. 49, (759) pp. 24, 39) like those of Lithophyllum 
(p. 509). The conceptacles of Amphiroa occur over the whole surface of 
a fertile branch. Cheilosporum ((724) p. 105, (759) p. 17) differs from 
Corallina mainly in the development from the upper ends of the seg- 
ments of horn-like outgrowths which usually harbour the conceptacles. 
Recent workers (cf. (445,724, 760)) distinguish a number of other genera 
with a Corallina-like habit. 


Furcellaria fastigiata ((276) pl. 94), a widely distributes s 
greenish-purple, perennial lithophyte, belonging to OE 
exemplifies a firmer construction, without accompany!ng a vith 
The rather coarse, dichotomously branched cylindrical E e 
arise in some numbers (fig. 163 B, E) from a system » sublito 
stolons (st) ((98) p. 91, (353) p. 46, (655) p. 400), are er on some 
although conspicuous in the lower part of the littoral reg! 
shores ((633a) p. 35). 86) 

The N (170) p. 9, (sez) p. 260, (558) P: H Ta d 
like that of Lemanea, can be readily deciphered on 2) most details 
sections, although after suitable treatment (see p: 499 


d, dark or 
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i ion. The apex of the i 

) | ut by dissection pex growing thallus (fig. 
dn, | anbe made tially like that of Nemalion, but the laterals fit mo 
mt, [| o d n d the whole is enveloped by a firm mucilage-layer (mu). 
termi. 3 closely 

Of the 
Y arise 
lace of 


Ptacles 
» Medi. 
former 
"Some. 
La 
rt ad. 
Surface 
I hairs, 
S Of the 
een the 
minal 


similar 
teristic 
1a they 
le axial 
feature 
ies the 
ilatala, 
e other 
ted by 
yhyllum 
rface of 
s from 
he seg- 
otacles. 
genera 


ark 9 Fit 163 À, B, D, E, Furcellaria fastigiata (Huds.) Lamour.; A, longitudinal 
nales UO Be of thallus; B, habit; D, small part of transverse section of a 
cation. allus; E, basal part of thallus showing stolons (st). C, Polyides 
which mel.) Grev., habit. €, co, cortex; hy, hyphae; m, cells of central 
anched fter N mucilage-envelope. (A after Oltmanns; B, E after 

ittoral A ewton; D after Rosenvinge.) 
somè Tansy ; 
d SE through the older parts show à compact structure 
p. 8 threads (m) ha e differentiation (fig. 163 D). The cells of the axial 
ans of | ant layers fn thick stratified membranes and are surrounded by 
details | laterala andatcer E" Cells (c), constituted by the basal portions of the 
Certain times crowded with starch. The small peripheral 
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cells (fig. 163 À, co) are provided with plentiful 
m (fig. 163 D, hy), which aid in the storage RS STE 
autumn and winter and run mainly in the transverse di atch dui 7 
from the inner cortical cells and also ((170) p. 10) frome lrection aie | 
they occur abundantly among the central elements. axial thread, 
The normal branching is stated to bea true dichotom i 
but there are also adventitious branches ((170) P. 3 i (sp, 
a narrow attachment, arising from groups oP surface E 16 ) with 
of the thalli which are crowded with starch ((353) P- 47) S i 
when reproductive organs are formed (fig. 253 C, D). 
thallus persists after these fertile tips are shed and 
adventitious shoots may arise which may in their turn 
The germinating spores ((558) p. 170) produce a hemi 
of cells giving rise to the cylindrical frond; at an earl 
arise from its base and produce other erect fronds. 
Very similar in outward habit to Furcellaria is Polyides rotundus 
((276) pl. 95) which belongs to Cryptonemiales. The compact reddish. | 
brown thalli (fig. 163 C) arise in some numbers in each season ed 
a perennial disc (d), which may be nearly a centimetre in diameter and 
has much the same structure (cf. (170) p. 4, (353) p. 51, (363) p. 198) as 
that of Dumontia (p. 461); the older discs are stratified. The thallı 
` show essentially the same structure as those of Furcellaria (68) p. 93, 
(170) p. 6, (692) p. 75), although the photosynthetic tissue is more ex. 
tensive and hyphae are fewer. Adventitious shoots frequently arise 
from the scars left by decay of the thallus-tips. The early stages 
"appear to resemble those of Furcellaria ((692) p. 79). 
The tropical Dermonema gracile (Mart.) Schmitz ((293) p. 289, (681), 
a member of Nemalionales, possesses an even firmer texture, the short 
coarse, repeatedly branched thalli standing erect even when exposed by 
the tide. This may be related to the presence of a cylinder of thick- | 
walled mechanical cells running longitudinally at the periphery of the 
loose medulla. 3 
Brief rhention may be made of the Grateloupiaceae (Cryptonemiales) 
(G9) p. 1, (so) p. 122, (58) p. 53, (202) p. 323, (389) p. 19, (634) p: 15) p 
prising forms with compact thalli in which the medulla nis 
widely separated stellate cells (fig. 164 B, C); these owe their es n 
shape to the elongate pit-connections (p) which become aray 


y Stage Stolons 


: less | 
during the enlargement of the thallus. There..are also P A | 
numerous, often thick-walled hyphae. Granit "ot a forked 


with a pinnately branched, and G. dichotoma J. 
thallus, are widely distributed and tend to grow where fr $ 
polluted) water enters the sea. Cryptonemia and cop spore 
leafy forms common in warmer seas. All the contents 2 hich groups? 
into a protuberance which divides to form d W. 
erect fronds arise ((39) p. 5, (129) p. 363, (339):P: 235% - "s wit 

The Maes Sebdenia M onardiana (G gertinalen filament 
thallus, has a medulla composed of numerous inte 
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especially in the younger parts, by similar stellate cells ((39) 


horeg wert, 266, (634) P: 23). 

ES AP fundamental difference between the series of forms de- 

T The e isandthe preceding sections lies in the presence of a single 

read, A dei aber of axial threads. The early stages are often very similar 
arofa phon, fig. 153 C and Platoma, fig. 159 D) and the under- 

3 348), (d. ot richy is obvious in all the less specialised types. In 

d D the further elaboration oftheF loridean thallus, some reference 

ii i ad E be ma de to certain SS Foie uniaxial types among 

aa E e in which Es w à ed branching characteristic of the 

Im M primitive forms is obscured. 

fertile, 

| mag c 

tolons D 


CH 
besi 
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erand es 
198) as o Res 
J h LES 
Ach KE 
| Dee 
véi Ces 
y arise Q9 
stages 
C 

, (68), 
e short 
sed by 
thick- 
of th e 

T Fig. 164. Grateloupia filicina (Wulf) Ag. A, habit; B, cells of medulla; 
iles) c, longitudinal section of small part of thallus. co, cortex; m, medulla; p, pit- 
Le connections. (A after Kützing; B, C after Kylin.) [ 
} 
ists d 
inctive 7. SPECIALISED UNIAXIAL TYPES AMONG NEMALIONALES 
wn out N ] s Be 
eck E Aw) Wigghii ((68) p. 52, (147), (276) pl. 38, 882 p. 15, (766) p. 387), 
164) famil ch like Atractophora (p. 457) and belonging to the same 
forked a a s an apical cell (fig. 165 A, m) which divides by oblique walls 
d OF orientate 5 Segments (s) appear wedge-shaped, the wider part being 
pi orms onl No in four different directions. Each segment 
ee the apex Y two pericentrals (fig. 165 B); the first (a) is cut off near 
= N «light (EC the higher side (acroscopic), the second (5) only at some 
alt f “bngating o S fromm the apex at the lower end (basiscopic) of the 
ament tespectiye „sent and in a plane perpendicular to the other. The 


© pericentrals produce primary (pl) and secondary (sl) 
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laterals of limited growth, the former being | 

branched than the latter; the secondary Bee and mo 
only slightly above the primary one of the Segment Sdn Segme 
almost opposite to it. The laterals are thus arranged e 

rows. Hyphae (Ay) originate as usual from the basa] pee Vertical 
younger parts bear short photosynthetic threads which 8, and in the 
fall off. The. hyphae give rise both to the small-celled Subsequently 
and the large-celled cortex which surround the Narroy Surface]. 
the mature thallus, whose increase in thickness is due e Red 
the hyphae. Branches of unlimited growth (fig. 165 B, b ran 
the basal cells (cf. Batrachospermum) of certain primar A ar 
they can also develop adventitiously from the cortical SE 
stages ((108), (129) p. 316) are essentially like those of Aran h 

The same type of apical division, with formation of on] E a 
opposite) laterals from each segment (fig. 165 D, Dus ERG 
Bonnemaisoniaceae, comprising Asparagopsis and Bone the 
Asparagopsis, which has its chief centre in warmer seas and d 
Southern Hemisphere, is represented in Europe by À, armata m : 
(@77) pl. 192) introduced from Australia (cf. (195) P- 791, (569) n 
(679) p. 7, (738) and by À. hamifera! (fig. 165 E; (492) pls. iba) 
introduced from Japan (cf. (30) p. 9, (88), (121), (142) p. 136, Gm) u 
p. 22). The rather small, well-branched, erect fronds arise from 
creeping shoots which are probably perennial ; they are distinguished 
by the possession of vesicular cells (p. 587), also characteristic of 
Bonnemaisonia, and of modified branches which act as attaching 
organs (fig. 165 E, O and aid in vegetative propagation (p. 588). Both 
species have been repeatedly studied.? 

The higher sides of the segments lie on a 1/4 spiral in A. armata, 
on a 3/8 spiral in A. hamifera and give rise to primary laterals (fig. 165 
D, pl) which develop into unbranched sterile structures of limited 
growth. A few of the secondary laterals (sl), cut off opposite to the 
primary ones, grow out into long shoots, but most remain short and 
bear the reproductive organs; both kinds are branched, forming 
primary and secondary laterals like the parent axis. The first (adaxial) 
primary lateral of a short shoot grows very rapidly and overarches die 
ee that the short shoot appears to arise from the base of the 
ateral, 

In Bonnemaisonia asparagoides? ((276) pl. 51), an annual Kay 
usually found submerged, the main axes bear progressively en 
laterals which are pinnately branched to the second dene d 
wedge-shaped segments of the apical cell (fig. 165 J) are ar 


cells in 
Ching of 
ise from 
rals, but 
The early 


* Bonnemaisonia hamifera Hariot (cf. however (208). 7; regarding 

* See (121), (141) p. 136, (200), (26s) p. 105, (387) P. 23, (679) P^ T: Dellt 

A, taxiformis (Delile) Collins & Hervey (A. Delilei Mont; 
Mont.), see (21) p. 47, (50) p. 352. 

See (145) p. 52, (372), (376) p. 546, (558) p. 401, (744) P- 73: 
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d 165. A, B, N 
‚Production of laterals 
(Woodiy.) Àg.: C, transv 


accaria Wigghii (Turn.) Endl.; A, apex of a thallus-branch; 
etc. behind apex. C, F-J, Bonnemaisonia asparagoides 
erse section of a primary lateral just behind the apex; 
pore; H, juvenile stage; I, surface-view of cortex (co) 


o Ola primary 
hyte ` nl; J, apex of a branch showing method of segmentation and 
aker m (Haud the cortex on the primary laterals (pl). D, E, Asparagopsis 
The ), first Sup Mam D, apex of a thallus-branch; E, habit. a (in À and 
ated J), Primary In B) second pericentral; ax, axial cells; br, branch; co (in I and 


ells; hy, hyphae; m, apical cell: pe (in C and J), peri- 
cortex; gj ; Primary laterals; s, segments of apical cell; sc, secondary 


» Seco à i 
the rest after SCH laterals; z, tendrils; v, vesicular cells. (E after Taylor; 
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in two opposite directions and all the branching à 
primary (Pl) and secondary (sl) laterals develop as ; 
both genera (see (141) p. 140, (387) p. 24) they ne 
arises in a different manner on the primary and se Hs X Which 
The cortex may be of considerable thickness on : Rond laten 
Asparagopsis and is separated by a space, ei al E 
A. taxiformis (cf. (se) p. 354), from the elongate axial cel hyphae in 
In Bonnemaisonia the segments of the primar S. 
divide into a small central and three pericentral 


Y laterals (fi 

E. 16 
cells (be), the Si 
and forms a Vesicul 


Ope cut of, 
epta between 


: y laterals, t 
four or five segments of the apical cell are cut off transversely E 


form a cortex in the way just described. That of the later segments, o 
the other hand, originates by the cutting off of three pericentrals E 
the basal cells of the laterals; each pericentral cuts off four cells which 
divide again and again to form a compact two-layered cortex, The 
fertile shoots are described on p. 617. The early development (ty) 
p. 322, (251) p. 261, (379) p. 12) results in the formation of a basal disc 
(fig. 165 H), the first divisions of the carpospores being vertical to the 
substratum (fig. 165 F, G). 

The three genera just described are clearly more specialised than 
other Nemalionales. They demonstrate that, even in this order, there 
has been considerable vegetative advance and this is also evident in 
their reproduction (p..616). Oblique division of the apical cell i 
found also in many of the uniaxial Cryptonemiales and Gigartinales 
where definite two- or three-sided apical cells are encountered. ` 


8. THE MORE SPECIALISED UNI- AND MULTIAXIAL TYPES 
AMONG CRYPTONEMIALES AND GIGARTINALES 


: ; an 
Although the basic mode of construction remains the same man) 


members of these two orders afford evidence of specialisation ^ A 
direction or another. In several the uniaxial structuré Bee fh 
scured in the mature thallus. These features may be Mi i 
description of selected examples which have beea fully s 


(a) Uniaxial Forms (^ 
I 


ie nemia 
A definite two-sided apical cell is found in diverse CPE T 
such as Cryptosiphonia (Dumontiaceae ; (389) p- 25» ‘and Gef 
A, a), Endocladia ((387) p. 41, (16); fig. 166 C 4) 
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(389) P+ 17, (463), (634) p. 9), all three mainly found in 
piod A species of Endocladia and Gloeopeltis (G. capillaris, 
the a tend to occur near high-tide level (ech, (467) p. 64, (623) 
i latter especially being capable of withstanding consider- 


0000000009; 


OO 


= 
EV 


20 


| to the 


d than 
r, there 
dent in 

cell is 
rtinales 


Fig. 166. A, B, Cryptosiphonia Woodii J. Ag.; A, longitudinal section through 
apex; B, transverse section. C-E, G, Endocladia muricata (Post. & Rupr.) J. 


; Ag.; C, apex of thallus; D, transverse section; E, developing hair (h); G, part 
of longitudinal section of a young branch. F, Mychodea ramulosa J. Ag., | 
many transverse section. H, I, Gloeopeltis furcata (Post. & Rupr.) J. Ag.; H, D. 
‘none lagram to show pericentral formation just behind apex; I, division of 
b- Beal segment. a, apical cell; 6 (in D, G), accessory branchlets; ¢, cortex; l 
nes 0 arge cells of inner cortex ` hy, hyphae; m, axial cells; p, PT, 52; pericentrals ; | 
n the "fens of apical cell. (H and I after Sjöstedt; the rest after Kylin.) ; 
E iccati é A 
ae desiccation (468). The usually terete well-branched thalli show 4 
, a t differentiation, The segments (fig. 166 A, C, s) of the apical cell 
miile (cf. bel off two pericentrals (p) in the same way as in Cystoclonium 
fg ji literals v and fig. 166 B, D, H, I, pr, p2), and these develop into 
24 Tact which form a compact cortex (fig. 166 B, D, G, c). It is 


ĉristic of the Endocladiaceae (fig. 166 D, G) that, at each point 
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of ramification of the laterals, only two branches a 

Endocladia itself is distinguished by the numerous 2s f ed, E 
lets (b in fig. 166 D, G) arising from the inner cells. Te branch 
of Gloeopeltis is traversed by numerous hyphae. © Inner Cortes 

Cystoclonium purpureum (C. purpurascens (Huds.) Ki 
tinales) shows a greater degree of internal differentiation” 1 Gin 
uncommon lithophyte between tide-marks in Britain ae 18 a not 
where frequently growing submerged. The terete ES Ough else. 
laginous thallus (fig. 168 C), which is often dull Purple SE Carti. 
may reach a length of 6o cm., has a prominent naa D Colour an 
numerous richly branched laterals. Certain branches axis beach 
tendrils (p. 588). The plants are primarily anchored bya ui end in 
but the base of the axis later gives rise (fig. 168 C, Pro Inute dise 
stolons (st) which become attached by squat haptera (h) AUS of 
further erect shoots (691) p. 374, 558) PP. 590, 593, (ess) P M 
individuals commonly last for one season only, althou, SC The 
perennate by means of the stolons (Go p. 376). 8^ some 

The anatomical structure has been repeatedly examined (oi), (38 
P. 23, (475) p. 241, (489)? (558) p. 589, (742) p. 17). The segments (fig, io 
À, s) of the two-sided apical cell (a) cut off two pericentrals on hei 
higher side which is situated alternately to right and left; the two 
pericentrals lie in perpendicular planes (cf. Naccaria and fig. 166 
H, I). The rest of the segment constitutes the axial cell (m). Such 
asymmetrical development of pericentrals takes place in many of 
the more specialised Florideae. The axial cells undergo marked 
elongation (fig. 167 C, m), while the pericentrals as usual give rise to 
richly branched laterals which form the compact cortical region (fig. 
167 B, C, co). 

In the older branches (fig. 167 B, C) one can recognise a single 
superficial layer of small photosynthetic cells (e), many of which in 
the earlier part of the season grow out into long hairs, and several 
layers of large multinucleate thick-walled storage-cells (co, cf. fig. 139 
L; (380) p. 24, (742) p. 32). At an early stage the axial thread (fig. 167 
D, H, m) becomes surrounded by accessory longitudinal threads (h), 
from which it is only distinguished by the greater length of its cells; 
the entire complex constitutes a probable conducting SE 
(medulla, fig. 167 B, me), the transverse septa of which are stated m 
p- 76) to be perforated by fine cytoplasmic strands. The d 
threads are partly formed by elongation of the inner cell? 0 m 
laterals and partly by outgrowths from the latter, as well as ne 
cortical cells. The latter, as well as those forming the con ra 
tissues, are connected both inter se and with one another A pit- 
short hyphae (fig. 167 D-H, Ay) which develop ei GA) 

U Hypnea purpurascens ((276) pl. x 16); Gracilaria purpurascens N? 

P: 241). à S in Japan: 

* This refers to C. armatum, a species with a wide range in 
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Je 
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ch in 
veral 
139 
‚167 
s (t), 
cells; 
stem 
(Ga) 
Set 
e UD, Cystocloni thallus-branch 
n the apical cel] ystoclonium purpureum (Huds.) Batt. A, apex of a tha Sr ra n d 
cting "longs and Segmentation; B, transverse section of a mature branc ` 
f o Did nl section of same; D, H, elements from the medullary region ` 

E. above elements from the cortical region; I-K, early development, I from 

ut ` E K from the side. a, apical cell; co, cortex; e, surface-layer of thallus 

(473) apical cell! hy, hyphae; l, lateral; m, axial cells; me, medulla; s, segment o 

"bh longitudinal threads around axial thread. (All after Kylin.) 
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connections at their tips. A branch of the thall 
peripheral + 

The spores ((129) P. 431, (379) P. 7, (558) p. 
Peete division to form the primary beggen Ce verti 
(cf. Dumontia, Furcellaria), which is scarcely larger th tac 3 
is anchored by short unicellular haptera (fig. 1671, J) p the Spore and 
(fig. 167 K, a), not always at the summit of the disc à 
apical cell of the thallus; sometimes two erect fr nd 
one disc. ` evel 

A similar apical structure and mode of se d, 
other Gigartinales, for instance in the Austen an IS found ; 
Catenella ((387) p. 65, (527) p. 65), and in Hypnea. The nian, in 
first ((41) p. 156) is terete and moniliform (fig. 168 B a s Of the 
Opuntia ((76) pl. 88; C. repens Batt.), widely distributed atenella 
water mark and also occurring commonly in salt-marshes (Gi high. 
(97) p. 207, (ror) p. 191, (142) p. 82), is a perenniai alga in whats 2, 
small thalli (fig. 168 E) show frequent constrictions. Dies ich the 

i 1 5 Species 

of Catenella (incl. C. Opuntia ((48) p. 45) are characteristic compo 
of the algal vegetation found on the roots of Mangroves, to tikes : 
are attached by haptera (A) (see (so) p. 359). C. Nipae Zanard, is ES 
as a food in Burma (61,528). 'T'he anatomical structure of Catenella (Ci) 
P. 71, (387) p. 65) resembles that of Cystoclonium, but there are several 
layers of photosynthetic cells and the inner branches of the laterals are 
often widely separated. The thick-walled elements of the medulla are 
linked by secondary pit-connections. 

Hypnea musciformis (fig. 168 A), which is common in warmer seas 
and found elsewhere only in sheltered habitats ((685) p. 291), has 
fleshy terete thalli, up to 45 cm. long, with numerous short branches; 
many of the longer ones (£) are incurled at the tip and function as 
tendrils (p. 588). The mature structure ((389) p. 50) differs from that of 
Cystoclonium in the uniform enlargement of the inner cells of the 
laterals so that the axial cells remain clearly evident. Hairs are often 
abundant in well illuminated situations ((so) p. 382). 


US Can arise from 


Op from 


The same apical segmentation is also seen in the Australian genus 
Mychodea (Gigartinales (277) pl. 142, 201, (393) p. 62), with a faten 
or foliaceous thallus. The narrow axial cells (fig. 166 F, m) are difficult 
to distinguish in the mature thallus from the numerous surroun m 
hyphae (hy), which also occur between the huge cells (co) forming t 
inner cortex. 


À different structure is found in Gracilaria, d 
voides ((276) pl. 65) is a widely distributed northern litho 
at low-tide level and below, although a characteristic 1n a 
sandy bottom in the Mediterranean ((36) p. 432, (26) P 270) 
red terete fronds, which are up to 50 cm. long, beat 
numerous tapering branches (fig. 170 B) and several arise 
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mposed of closely compacted vertical threads ((ss8) 
well as the greater part of the erect thallus, persists 
to the next. Other species have more or less com- 


n 
WW SSC nea musciformis (Wulf.) Lamour., habit. B, Erythroclonium | 
, base SC ie habit. C, D, Cystoclonium purpureum (Huds.) Batt.; C, habit; | 
Wa AE with stolons (st). E, Catenella Opuntia (G. & W.) Grev., - 
D after } ARCA st, stolons; t, tendrils. (A, C after Taylor; B after Kützing; j 
senvinge; E after Boergesen.) | 
Dressed p | 
Jee SCH (e.g. G. multipartita J. Ag.! (276) pl. 15). The spores d 
Of Whi 54, De (692) p. 83) divide to form a circular disc, the centre | 


Ch gradua ly becomes arched (fig. 169 C), the three-sided apical | 


1 e f 
G. lacinulata (Vahl) Howe ((so) p. 379, (53) p. 83). C 
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cell (a) of the future thallus differentiating at + y 
Kylin (G89) p. 55; cf. also (91) p. 176) he des Summi Of the » 
apical cell in the adult fronds (fig. 169 D) al tated às teh, 
p. 788, (634) p. 53) have described a group of ae a h ers (o | 
The mature thallus ((389) p. 55, (ss8) p. ER al cells, (ay 
shows little anatomical differentiation (fig. 169 P Ge A 
the 


3, (692) p 


» Since qj 


Fig. 169. Gracilaria; A, C-E, G. confervoides (L.) Grev.; B, G. comprem 
(Ag.) Grun. A, part of longitudinal section of thallus; B, E, tanse 
sections; C, early stage of development; D, apex of thallus in longitudin 
section. a, apical cell; co, cortex; h, hairs and hair-producing cells; m, medulla: 
(C after Killian; the remainder after Kylin.) 
internal cells (m) are large and isodiametric and an axial Me 
unrecognisable. The small cells forming the narrow ET "m 
contain a number of ribbon-shaped chromatophores. Did 
hairs arise from enlarged peripheral cells (fig. 169 B, E, n) 3 
possess abundant contents and later become multinucleate. w how 3 
The instances hitherto considered in this section 8 nimi | 
despite an essentially similar apical structure, the PO 
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become obscured among Gigartinales, either by the 
ccessory longitudinal threads (Cystoclonium, Cate- 
e ual enlargement of all the internal cells (Gracilaria). 
8 Gigartinales-show marked flattening of the thallus. 

We? SEH is furnished by Rhodophyllis bifida (Rhodymenia 

ood ex! "9 pl. 32), à sublittoral form with a repeatedly forked 
a7 Gre illus (fig. 170 C) belonging to the same family as Cysto- 
p ptr 


mpressa 
nsverst 
tudinal 
edulla. 


Am A, Calliblepharis ciliata Kütz., with cystocarps (c). B, Gracilaria 
: SC Grev., with cystocarps (c). C, a: on (G. & W.) 
ead is theca (n). (eae (c). D, Stenogramma interrupta Mont., with nema- 
| zone ter Kützing; B, C after Newton; D after Harvey.) 
ellular dloni : 
which Pas According to Kylin ((380) p. 31, (393) p. 40; cf. also (339) 
itl oat P: 709, (s37) P- 119) the young fronds possess a two-sided 
how “Ge 171 A, a), the segments of which divide periclinally 
ax Wision, p ) and inner (2) cells. The outer undergo further periclinal 


"` some soon enlarge (sa) and divide obliquely to constitute 
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off, the primary apical cell is difficult 
possess a marginal meristem with num 


. 71). l 

The edge of the thallus remains one-layered (f 
where the inner cells, formed from the segments D ), 
off on either surface a single layer of cortical cells (fe : 
which undergo further anticlinal division and thus 3 
widening of the frond. The central cells (m), on th 
exhibit little division and become gradually Get e 
apart as the cortex widens ((339) p. 253, (380) P. 31), an 
(fig. 171 D) they appear as a branching and anastomo 
relatively narrow, widely separated threads (m) with 
cells. The anastomoses are due to hyphae (Ay), which m 
from the central cells themselves and form secondary p 
at the points of junction with other members of the System, T 
structure of Rhodophyllis, though presenting some points of simila ` í 
with Cystoclonium, is modified in relation to the bilateral habit n 
abundant branching is effected by outgrowth of one or other of d 
marginal apicals. 


The germinating spores give rise to a small basal disc (fig, 171 Li 
which soon becomes arched (fig. 171 H). According to Killian (ay; 

p. 249) the two-sided apical cell (a) of the future thallus appears at the m 
summit of the arch (cf. Gracilaria), although Nienburg ((48:) p. 303) 
concluded that the mature fronds arose from the base of this primary 
upgrowth, which he regarded as representing a juvenile stage. 

An analogous structure is met with in Dilsea (Dumontiacete, 
Cryptonemiales), with a number of species in northern seas. D. edili 
Stackh.,! a frequent perennial near low-water mark, has a number d 
thick stalked obovate fronds arising from a firm basal crust. The fronds 
at first possess a single apical cell, although later there 1s 4 marginal | 
meristem (341). In the younger parts (cf. also (742) p. 71, (14) P: a 
relatively compact medulla of elongate cells is enveloped by a ur 
rounded cells, but the abundant anticlinal division in the E 
leads, as in Rhodophyllis, to separation of the medullary threads \ Fi 
ultimately form a network. 


Ae, has 3 ins 

Calliblepharis, belonging to the same family as Rhodophyta in 
structure more like that of Cystoclonium. The thick frond i at and late 
(Rhodymenia ciliata Grev. ((276) pl. 127), a winter annu? 7 vice; Le de 
below low-water mark, are either simple or forked onc a In C. Qi 
margin is characteristically beset with flat pinnae (fig: Jr thalli, the sg 
lanceolata Batt.? ((387) p. 72), a summer form with perd ich best the me 


is a three-sided apical cell (fig. 171 F, a), thesegm an Ue cells of tht \ the 
laterals forming the cortex (co) at the apical end. (he j 


y ' kh) AB: 
1 Iridaea edulis Bory ((276) pl. 97); Sarcophyllis SE pl. 175} 
" Calliblepharis jubata Kütz., Rhodymenia jubata IEN: 
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-], Rhodophyllis bifida (G. & W.) Kütz.; A, apex of thallus 

; C, transverse sections of the thallus; D, margin of thallus 

upper cortical cells not shown); G, segmentation of spore; H-J, 

of germling, H from the side, I and J from above. E, F, Calli- | 
nceolata Batt.; E, part of longitudinal section of a young branch; b» 
thallus. a, apical cells; az, a2 (in A), secondary apical cells; co, Ya 
€, commencement of erect growth; hy, hyphae; i (in A), inner | 

» axial or medullary cells; o (in A), outer segment; sa (in A), seg- Gë 
ERS to becoming a secondary apical cell. (G-J after Killian; Ca 
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laterals undergo great elongation and, together with thea: 

a central conducting tissue (fig. 171 E, m) linked b axial Cells, fo 
connections. The early development is like that of Chie Zay pi 
p. 438). KA? Ve 


A more specialised foliose type is afforded by Plocami 
P. coccineum ((276) pl. 44) is a common sublittoral AT Ka Of which 
The delicate thallus, which is often only slightly Aste Seaweed 
branched in one plane in a sympodial manner (47s) p. a IS richly 
The successive sections of the sympodium (1-5) bear ada»: 8. 172A) 
their flanks a number (generally 3 or 4) of curved branche and on 
most of which is most strongly developed ` the axis is aa ie 

to one side, appearing as an unbranched lateral (1), SC efected 
continued by the adjacent branch Ar 7, br2, br 3) which in un is 
displaced by its uppermost lateral. The secondary nes gets 
occupy alternate flanks of the successive segments of the sym QUE 
If the tips of the branches come into contact with a firm u 
they develop broad sucker-like haptera ((440) p. 69), a feature om 
has also been recorded in Rhodophyllis bifida ((6ss) p. 400). 

The anatomical structure ((380) p. 49) is relatively simple. The 
apical cell (fig. 172 B, a) produces only a single series of segments () 
which cut off pericentrals (p) on either flank, the one first formed 
lying on the convex margin ; these lateral pericentrals give rise to series 
of segments which, together with the axial cells, form the foundation 
of the median layer of the thallus. A little later the axial cells cut of 
two further pericentrals (fig. 172 C) which are situated in the plane 
of flattening. Both these and the rows of segments formed from the 
lateral pericentrals undergo some periclinal division. Meanwhile the 
central cells elongate markedly and, since they possess dense cyto- 
plasmic contents, they form a prominent axial thread in the mature 
thallus (fig. 172 E, m). In transverse sections (fig. 172 D) the axial 
cell (m) is surrounded by 4-6 large, but relatively short, storage-celk 
(co), which are linked by secondary pit-connections; this SE 
continued outwards into the flanks, usually as a single layer consti 
by the middle cells of the lateral rows. The surface is formed e 
x two small-celled layers (e). The branches of the thallus arise If 
the lateral pericentrals (fig. 172 B, br): vide 

The germinating spores ((129) p. 439, (339) p- 257, (699) 5 DUM a 
by two oblique walls (fig. 172 F) to form a three-side He (ig. cts 
the segments of which give rise to the small attachment-di Sg bar 
H-J). The erect thallus (fig. 172 K, t) soon becomes prom We 


the { 
68 
ic 


FA 


SSS ZE Van Te | 


c 
ga 


À ; . 42): 
1 P. coccineum Harv. ((272) p. 153) — P. pacificum Kylin (orte smaller 
2 Naegeli ((475) p. 228) records a two-sided apical cell in s 
branches of the mature thallus. 
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nol ely layer of thallus; m, axial cells; p, pericentrals; s, segment of 
`K after Kill commencement of mature thallus. (A after Naegeli; 


lan; the rest after Kylin.) 
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(b) Multiaxial Forms 


The mature structure of ne (687) p. gees. 
which are characteristic seaweeds of the Warmer Specie, " 
America, resembles that of Cystoclonium. A numb art 
eshy thalli, with numerous tapering branches, : Clonpa 
on discoid holdfast. The apices in 4. tena N A € from 4 
p. 67, (505) P- 406) are occupied by 5~7 apical cells? the P 361, (ty 
which produce on their outer side the laterals which ar egments of 
to form the cortex. The inner cells of the laterals give = Aggrepg 
growing hyphae, which enter into secondary Pit-conneetion to down, 
cells of the axial threads. In the mature thallus the me With the 
C, m), consisting of a mass of narrow threads (fig. 173 B), ms 17} 
by a firm cortex (co) bounded by a narrow zone of its Ounded 
cells (e). Near the tips the usual hairs are to be found, T Te 
(G73) p. 247) divide to form an irregular mass of cells. Hos 
Ahnfeltia plicata (Gymnogongrus plicatus Kitz. (276) pl. 288) 
widespread, slow-growing perennial lithophyte (cf. EEN rade 
recognised by the horny or even wiry texture of the dark purple i 
black thallus, is attached by a broad disc composed of vertical rows 
of almost cubical cells with firm walls ((363) p. 198; cf. Pl 
Platoma). Though often occurring in rock-pools near low-water mark, 
more robust specimens are found in deeper water. The mature thallus 
(fig. 173 A) shows irregular, in part dichotomous, ramification (as) 
p. 348), with promiscuous adventitious branches on the older part, 
One or two dichotomies are stated ((331) p. 32) to be formed in each 
season. 
The apex ((ss8) p. 557) is occupied by numerous closely aggregated 
threads. In the: mature thallus the extensive medulla consists of 
elongate thick-walled cells (fig. 173 D, m), no doubt fulfilling a 
mechanical function ((742) pp. 13, 29) and merging into a cortex com- 
posed of small, radially arranged, elements. The older parts, especially 
in plants exposed to rough seas ((256) p. 541), exhibit extensive BEER 
dary thickening ((331) p. 8) which takes place periodically by d m 
of the peripheral cells of the cortex and results in the forrat à E 
number of successive strata (fig. 173 D, co), consisting © en Date 
radially arranged cells. The rather ill-defined limiting E 
periods of cessation of thickening, are composed of ur i radial | hats 
elements with more deeply pigmented contents and N ms The ¢ 
and inner walls, The secondary tissues of adjacent branches duced 


to both. 

fuse and become enveloped by further strata common ae 

4 , 121). i 

1 Rhabdonia tenera J. Ag.; Solieria chordalis Harv. Er ze (Tur 

(83) p. 36) regards the Pacific form as a distinct species und (Har) D. North 

Setch. (Rhabdonia Coulteri Harv.); cf. also À. ramosi Gs 

(Rhabdonia ramosissima J. Ag. (so) p. 365). ` ; t that t Dr 

* Kylin (cf. also (so) p. 362) disputes Osterhout's statemen ; 
is uniaxial, 


pis fom | 
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ónssón ((331) P. 32) new strata develop whenever a 
ng "is formed, so that one stratum would correspond to 


, T ëch! rowth. The number of strata is in general directl 
C8 of i ch Be 2 the thallus ((532) p. 63), but they do not ENSE 
North Dal 10 th Leer from above downwards and are commonly more 
EI get in n me side of the frond than on the other ((s53) P- 559). 
oma numerous UR of Ahnfeltia ((77) p. 287, (125) p. 350, (29) p. 429, (558) 
» (38) The ms 19) give rise to small violet-coloured discs bearing hyaline 
Nts of fe" " 

Rated d 


own. 
h the 
D 
Inded 
thetic 
Pores 


8), a 
adily 
le or 

IOWs 
sand 
mark, 
hallus 

(6) 
parts, 
| each 


gated 
sts d 


ing a 
com- 
cially 
econ- S 
vision Ue À, D, Ahnfeltia plicata (Huds.) Fries; A, habit; D, transverse 
n of a tera (J Ar older branch, showing secondary thickening. B, C, Agardhiella 
ical of thallus El Schmitz; B, medullary threads; C, part of transverse section 
Se alter Js £0 cortex; e, surface-layer of thallus; m, medulla. (B after Kylin; 
king Jonsson; the rest after Taylor.) 
naller i 
i airs a : i 
E The de m secondary discs from the ends of marginal threads. 
3 duced, Y reach a considerable size before an erect thallus is pro- 
à Gymnogon g 
Kylin tal repeated pe lithophyte closely related to Ahnfeltia, possesses 
Hiart) (Turn, Bs ( orked thalli, attached by abasal disc. In G. Griffithsiae 
)E^ t North Atlantic d. Pl. 108), widespread near low-water mark in the 
som | sepius f S € Segments are terete) while in other species (e.g. 


: Son ((331) m 174. D) they are markedly flattened. According to 


I d e E EE 
8) some Species show secondary thickening similar to 
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that of Ahnfeltia. The early stages have been 
(123), (128), (129) P. 424). 

A foliose development of the thallus is met wat 
sentatives of diverse families of Gigartinales, 5 in oc ina 
stomaceae) and Halarachnion (Fu rcellariaceae), Th Zone VE 
with species in warmer seas (once recorded from G Ormer (c. Ema 
and in the Southern Hemisphere, has a st oor 


) 


dby Chemin 


describe 


(op 


Tucture much AU p. 


Platoma; in N. canariensis J. Ag. ((s3) p. 10) large vesicular cet tat oft 
on the subcortical filaments are recorded, Halara hn cel emi 

(Woodw.) Kütz. (Halymenia ligulata J. Ag at i nion ligt À. 
Atlantic and Mediterranean species, resembles Calli 22) a Non o 
though the degree of branching and flattening vary iim in hg, i 
that of Agardhiella ((387) p. 61, (558) p. 163). The Me € apex ig li ji 


Te thallus Eë 

Founding the Im 
€ gro present, The 
a discoid prose, 


(39) p. 22,! (68) p. 44) shows a 2-3 layered cortex sur 
and widely separated threads of the medulla; hypha 
germinating spores ((39) p. 6, (129) p. 358) give rise to 
system with an obvious filamentous construction, 
Much the same internal structure is seen in the Arctic T, 

septentrionalis (Kjellm.) Schmitz (Callymenia septentrionalis N 
(cf. (33) p. 66) and Opuntiella californica (Farl.) Kylin a 
californica Farl.), both with a broad thallus, possessing desen 
peripheral glandular cells which penetrate deeply into the underlig 
tissues ((383) p. 23, (384) p. 282, (394)). Similar cells (fig. 252 FS 
p. 644, (383) p. 21) occur in Schizymenia Dubyi (Chauv.) J. Ag: (Cal. 
menia Dubyi Harv. (276) pl. 123), an ally of Platoma (ses), likewise Kä 
sessing a broad, sometimes lobed, thallus. The spores germinate lilt 
those of Dumontia ((129) p. 370). 


A number of common foliose members of Gigartinales belong b 
the Phyllophoraceae and Gigartinaceae. The species of Phyllophor 
(158) are widespread northern lithophytes with small thalli, usualy 
showing dichotomous branching in one plane. In P. membranifis 
(fig. 174 A, C; @76) pl. 163) and P. Brodiaei (fig. 174 B; em) pl.) 
the flattened fronds are borne on a cylindrical stalk (s), but in 
epiphylla Batt. (P. rubens Grev. (276) pl. 131) the stalk is winged 
throughout and not sharply demarcated; in this species the m 
parts of the flat fronds show a perceptible midrib (due to Sr d 
thickening, cf. below). Stenogramma interrupta Mont. (9) ah 
a widely distributed form more characteristic of warmer n. "i 
a similar habit (fig. 17o D) and much the same structure i. 

The mature thallus of Phyllophora membranifolia (fig. d ) 
numerous forked fronds with the convex surface facing a while the 
light; in the major dichotomies one fork develops into D "Br i 
other forms a continuation of the stalk ((ss8) p- 514): 7 


other 
163) this possibly relates to at mo 


1 According to Rosenvinge ((558) p. jid 
species. À d Turnerella du » 
2 Synonymous with Halymenia Dubyt Chauv. a7 lin (683 P- Ih 

Kylin (89) p. 42; cf. (124) and (393) p. 9). T. pacifica Y 


; , 10) 
p. 38) is also a species of Schizymenia (S. pacifica (393) P 
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older plants tend to produce numerous proliferations, 
" gi rom the margins in the former and from the surfaces of 
main 95 in the latter. Minute, flat or nearly terete outgrowths, 


E 1 ae upper margins fee leafy fronde (74 C) produce 
wi | b rep asc for several years and the successive increments are 
det The tha isable. The new bright red fronds of P. Brodiaei ((158) 
that of | e Er 22) arise in spring from the apices of those of the 
termin] p 151 (558) aa (fig. 174 B, nf), but in older plants most of the new 
Ula revious she by the adventitious shoots above mentioned. In 
à No gi wth 18 TO (658) p. 514) the new season's growth, especially in 
hab P. E. often originates from the stalk or from the margin of the 
2 à d Es ; S the ae ee which do not develop 
the long into complete arali usually arise from a lobed basal crust ((158) p. 23) 
e The A part of which is composed of dense vertical rows; the lobes 
Zur d Ee grow over one another, leading to stratification of the crust. 
urne, À n Brodiaei, which is often found on shells of Molluscs, multiseriate 
Kiel) haptera are formed which penetrate the latter and produce filamentous 
ua branches growing horizontally between the layers of the shells. The 
icteristi ung discs consist of a single layer of radiating filaments (058) p. 27); 
derlying for other stages in development, see (558) p. 530, (563) p. 30. The early 
‚el; (i) development of Stenogramma 1s like that of Chondrus ((129) P- 434). 
Ro The multiaxial structure is difficult to recognise in Phyllophora 
nate lie | — (05,059 p- 18, (742) p. 65, (744) p. 79).! The compact medulla consists 
of rather short cells with firm walls and shows a gradual transition to 
the cortex, each cell of which contains a large parietal chromatophore 
eu {(58) p. 30). Older parts exhibit secondary thickeni ing i- 
daten El ter p xnibit, ry thickening owing to peri 
usualy clinal division of the superficial cells ((158) PP 11, 19, (331) p. I9, (354) 
rail p.111);such activity is, however, often localised, leading to the forma- 
TE of elongate oval patches which occupy the base of the stalk and the 
utin) | ching disc (fig. 174 G, se) or develop around the points of origin 
winged of the branches (fig. 174 F, se), while in P. epiphylla the more or less 
Sis evident midrib results from such growth. These localised thickenings 
condar t no doubt of mechanical significance. As in Ahnfeltia, the secon- 
pl. 157) ra tissue shows Strata representing successive periods of meri- 
ters, his SE activity, the limiting layers being constituted by cells with 
op St The walls and narrower lumina. 
A) bars pa ppe tinaceae include the common seaweeds Chondrus crispus 
ource d beet oss, Pearl Moss, fig. 174 H; (276) pl. 63), with many different 
shile ti Keen P: 352, (369) p. 123, (558) p. 505, (688) p. 146), and Gigartina 
i weie CE 174 L; G. mamillosa (G. & W.) J. Ag. (76) pl. 199) which 
y anat! Mously sources of carrageen (p. 400). Both possess dichoto- 
laf pus jg GE thalli with a basal stalk-like portion. Chondrus 
eg ly S Atlantic lithophyte, which is most typically de- 


Ononow 

Gr, OWS r : ; ; 

tev, is no do SE (G54) p. 110) of a 3-sided apical cell in P. nervosa 
Ut erroneous. 


. Hii 


33 
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Fig. 174. A, C, Phyllophora membranifolia (G. & W.) J. Aga A uen 
C, small part of thallus showing female nemathecia (f). B, F, Gr ‘diagram: 
(Turn.) Ag.; B, habit showing new (nf) and old (of) fronds; F, D, Gymno- 
matic representation showing position of secondary thickening bel tackh dif 
gongrus norvegicus (Gunn.) J. Ag. E, H, Chondrus crispus qu. ina stellata 
ferent growth-forms, in H with tetrasporangia (te). 1, ra; 5 stalk 
(Stackh.) Batt., showing the teat-like outgrowths (4). A pente 
(B after Rosenvinge; C, F, G after Darbishire; H after Fritsch an 


the rest after Taylor.) 
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.. &mited zone near low-tide level (G61) p. 29, (333a) P. 15), 
deel in © Gë at higher levels often being stunted. Sublittoral 
the tall Käre with narrow branches. The margins of the 

are € r fringed with numerous leafy processes (fig. 


ME). nds of Gigartina stellata, usually found on rocks near low- 
Th fron often possess incurved edges and are not uncommonly 
a S are readily dis- 
pisted 6 from those of Chondrus by the numerous teat-like out- 
tinguis o which harbour the cystocarps. This feature is distinctive 
ot eas ( W a rather variable 
of all GR acicularis (Wulf.) Lamour. the thalli' are almost terete, 
habit. Me species they form a broad, almost unbranched, ex- 
p "In still others (e.g. C. Teedii Lamour.) the branching is 
e innate. 
Een crispus and Gigartina stellata (cf. also (324,498) are 
ched by an orbicular disc giving rise to a number of erect fronds 
P ins D); in Chondrus it may reach a width of 2 cm. (61) pp. 15, 
DA p. 499). These discs (fig. 175 E) consist of vertical rows of 
"s vith firm, non-gelatinous walls, and in Gigartina ((sss) P- 509) 
they show zoning indicative of periodic growth. The spores of 
Chondrus ((129) p. 433, (161) p. 26, (379) p. 12, (558) p. 504) divide to form 
a hemispherical cushion which develops into the attaching disc, the 
production of erect thalli being deferred for some time; the early 
development of Gigartina ((129) p. 433, (699) p. 151) seems to be similar. 
Both the attachment discs and the erect fronds are perennial, those of 
Chondrus ordinarily lasting for two or three years ((532) p. 58, (558) 
p.50). Old fronds become severed at the very base at the commence- 
ment of winter, leaving evident scars. 

The thallus of Chondrus? affords clear evidence of a multiaxial 
construction, both in the apices ((3s1) p. 704) and in sections of the 
maturer parts (fig. 175 A, B). The medulla (fig. 175 B, m) consists of 
elongate cells with thick mucilaginous walls, their narrowed ends (b) 
being bridged by delicate septa which no doubt represent the pit- 
membranes; there are also secondary pit-connections (s) between the 
cells of adjacent tows. Near the surface the axial threads bear 


H d | 
Numerous Perpendicular, small-celled, laterals (oc) which form a 
ompact cortex, separated 


gram- tll of: from the central conducting region (m) by 
| Inter: i 2 Wa A SC SEL 5 
me hio the mediate size (ic); the latter are joined by pit-connections, 


Inner and oute 


r cells. According to Darbishire ((6r) p. 19) 


Ere Is a si x A : 
a ary, E He Chromatophore in each cortical cell, while the medul- 
bury; 0 contain a number of rounded leucoplasts. Hairs are of rare 
bury currence ((ssa D 


t 


Da marked © p. 502). The considerable surface-enlargement leads 
ed distortion of the older medullary elements. 


1 
See 
(161) p, 10, (389) p. 19, (558) p. sor, (708) p. 152, (744) p. 82. 
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) 


" 


Pa 


CBS ky 

i c Le) d ` in( 

nd B; i 

Fig. 175. A, B, D, E, Chondrus crispus (L.) Stackh.; À, tren cit i 

2 longitudinal section of mature thallus; D, vertical section t ro aching i D) 
a disc (d) and bases of two fror ds; E, upper part of a little of ti er of centil 

in vertical section. C, Gigartina stellata (Stackh.) Batt., Er Em cells; ™ 2 

tissue. cu, cuticle; hy, hyphae; ic, inner cortex; mM, me Poit-connecti a 

mucilage; oc, outer cortex; p, primary and s, secondary. P is 

a 


(A, B after Kylin; C after Rosenvinge; D, E after Darbishire.) 
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ture of Gigartina ((558) p. 509, (634) p. 46) is essentially the 
GN G. stellata the cells of the inner cortex and medulla produce 


of Olson (+9 à : : 
"EE distributed Callymeniaceae comprise forms with broad, 


mously branched thalli which possess a several-celled 
although, in the finer segments of Euthora cristata 
; Rhodymenia cristata Harv. (276) pl. 307, (745) p. 107), 


A 
^y. 
gt 


dr A, Euthora cristata (L.) J. Ag., habit (after Taylor). B, Constantinea 
iL Dg Semel) Post and Rupr. (after Freeman). C, Callophyllis edentata 

Ke ir transverse section of thallus (after Kylin). D, Callymenia 

Cie? urn.) J. Ag., habit (after Newton). a, a’, stipe; 6, frond; 
"Tëlee, m, medullary cells; s, scar left by frond. 


Kyi 

Se 29) found a single two-sided apical cell. Both here and 
and B, With inters 1s ((634) p. 56) there is a large-celled medulla (fig. 176 C, m) 
race the meee hyphae (hy), but in Callymenia reniformis ((276) pl. 13) 
ing is a ty eens are narrow ((387) p. 59, (777)). The latter (fig. 176 
de Sbarctic ea lantic seaweed, while Euthora cristata is a deep-water 
rection eh that P P- 36, (332) p. 136, (333) p. 13, (558) p. 596). It is not 


ese two dE li 
Ymenia cys genera are really multiaxial. The Australian 

, MUS, ag ie Har, (@77) pl. 73) develops numerous holes in the 
B much like ER Laminariales. The early development of Callymenia 
at of Phyllophora (G29) p. 426, (339) p. 273), while the, 
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spores of Callophyllis divide to form a compact dise i 
p. 74). (129) p, 
Two members of Cryptonemiales—Constantineg À. 

37) p. 178, (599) P. 520, (614), (623) p. 5 2), (529) 
Pacific E the Behring Sea, and the hee NE to the 
—show a sympodial construction. Each segment EC ege 
consists of a simple or branched stalk (fig. 176 B: y ES 
ating in a horizontal foliar expanse (5), growth bein n hd) termin, 
development from the latter of a new cylindrica] se ontinued by the 
in its turn expands in the same way. The fronds, witch 4^) Which 
tinea often appear perfoliate, later split into segments and Die 


wear away leaving scars (s) on the stipe. A similar habit Gë tiniatey 
Mediterranean Neurocaulon reniforme (Post. & Rupr.) ani d the 
i Td. Jon 


p. 160; Constantinea reniformis Post. & Rupr. ((286) P. 146 
of Gigartinales, but here the fronds are reniform. 

The preceding consideration of certain more specialised C À 
nemiales and Gigartinales again serves to emphasise the funda Typto- 
correspondence between the uni- and multiaxial types—in fact e 
(Cystoclonium, Catenella) of the uniaxial forms are in the "I 
condition to all intents and purposes multiaxial. The foliose habit 
which can be based on either type of construction, probably repre. 
sents the most specialised condition reached in Gigartinales. While 
diverse members of Cryptonemiales and Gigartinales afford distinct 
evidence of heterotrichy in the early stages of development (fig. 171 
H, I), the germinating spores in many genera produce a compat, 
often hemispherical, cushion (figs. 167 I, J; 172 J, K) from which the 
erect frond arises; a similar cushion is met with commonly in 
Rhodymeniales (p. 515). It appears to represent a modification of the 
filamentous prostrate system prevalent among Nemalionales. 


) a Member 


9. CRUST-FORMING TYPES AMONG CRYPTONEMIALES 


In certain Cryptonemiales (Cruoriaceae, Squamariaceae) the mature 
thalli are encrusting, forming thin, circular or lobed, reddish- 5 
dark-coloured sheets (figs. 177 A; 178 F), which are probably ii H 
most part perennial; they are commonly found on rocks and $ P 
between tide-marks and in deeper water, although some oe dd 
phytic. The crusts, which adhere along the whole of their lower a 
face to the substratum, consist of a basal layer of closely oe 
radiating filaments (fig. 177 E) produced from the EE at 
(G39) p. 240). All the cells bear erect threads (fig. 177 Be py tough 
simple or little branched (fig. 177 C, D), are held toget cf Ralfsia: 
mucilage and form the main substance of the SE Ke of 
Lithoderma); they either bend up gradually (Petr ae g 177 
stand off at right angles to the basal layer (? SE tips of which 
Attachment is usually effected by short rhizoids (7), t 
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j the irregularities of the substratum (Go) p. 129, (558) p. 174, 
ge into? . The various genera are for the most part distinguished 
(p) P "uctive features. 

ro 
by rt? 


D Ee 

th 177. A, B, H-K, Peyssonnelia; B, P. Dubyi Crouan, the others P. 
Fe (Gmel.) Decsne; A, habit; B, section of crust; H-K, early stages 
of Gc hrc, CHE, Hildenbrandia rivularis (Liebm.) J. Ag.; C, upper part 
(Lyngb,) Pre ; F, surface-view of stratum from above. D, Cruoria pellita 
statum from D Be erect threads. E; Petrocelis Hennedyi (Harv.) Batt., basal 
Vis elow. G, Nereoginkgo adiantifolia Kylin, habit. a (in G), stalk; 
«1? & erect thread; m, nemathecium; rz, rhizoid; s (in G), scar. (A after 


Ko? De à 
after EE Fritsch; E after Rosenvinge; H-K after Killian; the rest 


Off ; 
im n NE occurrence is Peyssonnelia Dubyi Crouan! ((276) pl. 71, 
» With small concentrically zoned crusts (cf. fig. 177 A) 


Tuoriela Cr (Crouan) Schmitz of various authorities. The genus 
Yssonneliq (cf. p: 289, (727) p. 281) is often regarded as a subgenus of 
a Polyst 5°) p. 129), distinguished by the characters of the basal 

rata (301) should also be referred to Peyssonnelia (cf. (666) 
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which commonly overgrow one another. Both he ; 

‘e.g. P. rubra J. Ag.) the basal layer is calcifieq (cae ID others. 
some, for example P. polymorpha (Zanard.) Schmitz P. 193), While: 
warmer seas ((so) p. 130, (53) p. 14, (202) p. 295, S 
brick-red crusts are impregnated with lime thro 
(fig. 177 A) is a frequent Mediterranean spe 
growths on Cystoseira (G75) p. 248, (609) p. 104). 

Essentially the same structure without calcification ; 
Rhododermis (fig. 178 F; @) p. 504, (26) p. 311, (149) p E met 
(360), (424) p. 42, (558) p. 197), found mainly in SE » (357) p, 2 
Georgii (R. Vanheurckii Heydr. (300); Rhodophysema Geo Seas, In R 
p. 377, (369) p. 194) the inner cells of the erect threads of fs Batt, (33) 
show great enlargement (fig. 178 G, e), the thalli then ape E fo 
or irregularly lobed; such forms are connected by transit; ring globose 
usual encrusting type. ONS with the 

In Petrocelis and Cruoria, which are likewise uncalcified 
threads are less firmly connected. The fleshy growths of P 
((26) p. 314) are often found on stipes of Laminaria Clouston 
cruenta Ag. (Cruoria pellita Harv. non Lyngb. (276) pl. 117 
lithophyte. In the large Cruoria pellita ((387) p. 30, (sss) 
rhizoids commonly lengthen into septate threads which 
several-layered stratum below the older crusts. 

Hildenbrandia, a genus of uncertain position allied to Corallinaceae 
shows a similar habit. Most species are marine, but H. rivularis (e) 
p. 167, (594) p. 232) is widespread (cf. (81), (434) p. 272) as a lithophyte in 
fresh water, being often associated with Heribaudiella (p. 67). Its 
blood-red to brown-red crusts are found in streams and lakes (Qu), 
(239), (244) p. 507, (433), (434), (639) p. 660, (653), (767)); it is a pronounced 
shade-form. Only vegetative reproduction is known. 

The common marine species, H. prototypus Nardo ((558) p. 203), isa 
littoral and sublittoral lithophyte, in the older crusts of which the 
growths of successive years are marked by distinct limiting lines (some- 
times also seen in Peyssonnelia (727) p. 259). The outer layers commonly ` 
perish in part during winter, the renewed growth being then localised 
at certain points and resulting in an uneven surface. Reproductions 


» the erect 
+ Henned: i 
1i, While p. 
) is a littoral 
P. 181) the 
may form a 


EEE) 


by tetraspores which are formed in conceptacles (p. 655). The germ: Fig, 

_ nating spores ((129) p. 366) give rise to a short filament producing a dit (m; 
at its tip. SE id 
Several genera with prostrate encrusting thalli are distinguis e © ch 
the fact that laterals arise from both sides of the central axial syste a 

1 The accounts of sexual reproduction (70, 80,749) are duc to confusion with the 


a ` ^ É ja (cf. bal De 
the colonial Myxophyceae commonly associated with Hildenbrandia C 


p: 186, (594) p. 232, (639) p. 667). Skuja’s ((646) p. 628) record Tu ipe 


requires further investigation. Budde's ((80) p. 285) assertion c plausible Peys 
strate system can give rise to chantransioid threads receives e to the evi- bei 
support from Starmach ((653) p. 370), although doubts remain 626). The Sept 
dence for genetic connection between the two (cf. also (646) Pc. chalybea, M in R 
filamentous stages in question are identified as C. pygmaea sperm monili- te 

which are known to represent the juvenile stages of Batrachosper™ ations: x 


: ‚n investis 
forme. I have not encountered such stages during my own !? 
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SE ax); such are Rhizophyllis, Coriophyllum (633) p. 396), 
(fig: 17 a (Goz) p- 301 (727) p. 297). There IS reason to believe that 

Bin which the prostrate habit is secondary ((400) p. 80). 
they are Squamariae, a Mediterranean epiphyte usually found on 


| 
ci 


Fig 178. A-C, E, Rhiz 


(1); B transverse sectio 


ophyllis Squamariae Kütz.; A, habit, with nematheeia 
Geer en Rosa C, longitudinal section, with nemathecium 
denk Geoy ü (B ca); , margin of prostrate thallus. D, F, G, Rhodo- 

& att.) Collins; D, vertical section of thallus, with tetra- 


sporangia (o, E Gi H A 
15, axial 0 , habit; G, vertical section of the inflated form. a, apical cell; 


read; e 
thecium; p, ae a carposporangia; e, erect threads; /, laterals; n, nema- 
D, G after Rote YSS; r, rhizoids; t, tetrasporangia. (A after Zanardini; 
inge; F after Heydrich; the rest after Kylin.) 


P Ssonne/, 
ite) p.28 T dE to the same family as Polyides ((389) p. 26; cf. also 
State Thizoids (8 and-shaped thallus (fig. 178 A), which is attached by 
6 Odophy yi ( 8.178 B, r), possesses a series of apical cells, much as 
"Cts section (Ato fig. 178 E, a). Both here and in Coriophyllum 
(fig. 178 B) is distinctly dorsiventral. 
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Icified crusts are also typical of 
soy n A relatively simple NE lei thg Melobesiene 

Corallinaceae. nr S pte 1s furnished amon 
45) p. 17, (558) P. » (652) p. 2 \ 
(526) p- 249, (545) P- 17 P: 23, (659) p. 7), the thin a 
) in 


I 
COPE: Gamez 
H 


X c SID ED 

dër ACER | ee 

Q QU d DID ES SE 
G 


Fig. 179. A, C-G, Melobesia Lejolisii Rosanoff; A, surface-view of pati 
crust; C, habit (on Zostera); D, G, vertical sections; E, F, surface-view > 
little of the crust. B, M. Sohnsiana Falkenb., small part of thallus from M 
surface. H-K, Epilithon: membranaceum (Esper.) Heydr.; H, L 2n EI 
vertical sections of the crust; J, cell-fusions. 5, basal system; 6 PE 
e, erect threads; h, hairs; p, points of cell-fusion; t, trichocytes. (A, Kylin) 
"Taylor; B after Solms-Laubach; D-G after Suneson; the rest alteri 


or red, crusts (fig. 179 C) of which are widely distributed onal Hs 
of substrata (other Algae, Zostera, etc.), especially in SE 
The plants are often only a few millimetres in diameter. . m ofthe 
species (Fosliella, (320) p. 587) they consist (except in the d s 179 8) 
conceptacles, p. 644) of a single layer of prostrate threads (fg. 7 


Be 
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29 pseudo-dichotomous branching and are usually com- 
which $ form a disc with marginal growth; the tangential septa are 
pacte 1 arranged concentrically. Examples are afforded by the 
ommon Y ut farinosa Lamour. and M. Lejolisii (fig. 179 A, CH In 
jquitous 4^: B; (192) p. 109), on the nie 

wid, gana! (fig. 179 95 po elo C other hand, the threads 
M. S e stratum are commonly quite distinct, while in a similar 
ofthe ribed by Taylor (680 p. 10) they produce a network. In 
ames cies (eg. M. limitata (Foslie) Rosenv., cf. (219)) short erect 
ther M from the basal stratum so that the crusts become 2-5- 
thread (cf. fig. 179 G). The surface of the crusts is covered with a 
We E mucilage. The cells of adjacent threads, both in the 
CS E and in the erect system, commonly communicate by 
a a (fig. 179 F, p) formed by partial solution of the separating 
à Ils (cf. also (526) P- 253, (551) D. 17, (585) p. 122, (586) p. 220). 
T marked feature of Melobesia are the flat cover-cells (fig. 179 
p-G, c), which occur also in other Corallinaceae (p. 474). One such 
cel is found at the top of each erect thread (fig. 179 D, G), while in 
the monostromatic species they often only cover part of the subjacent 
cell (fig. 179 E, F) and not uncommonly overlie the septa. They may 
or may not contain chromatophores. Where the thallus is several- 
layered, the cover-cells are cut off from the cells of the basal stratum 
before the formation of erect threads which are produced by inter- 
calary division of the underlying cell (cf. fig. 179 H). 

Many species exhibit occasional larger hair-producing cells (fig. 
179 D, F, t) with scanty contents and usually devoid of cover-cells 
Gl 24) ee are the Rr rA Rosenvinge ((ss8) p. 212, (659) 
pp. 8, 74; " heterocysts " of Rosanoff (sas) p. 57). They often originate 
from marginal cells which become surrounded by the disent NUN 
after the short-lived hair has been shed ; before this happens a septum 
is formed across the base of the hair. 

Epilithon membranaceum (Goo p. 408; Melobesia membranacea 
e o E Lithothamnion membranaceum Foslie Gu) p. 7 
in er od epiphyte lacking trichocytes, is dis- 
ae D obesia only in details of reproduction. The thallus 
(ig, K). Bp 234, (659) p. 60) may be three- or more-layered 
lihophyte: nds tthothamnion (often written Lithothamnium) are 
quently attached usually possess considerably thicker crusts, fre- 
ts (see fe to the substratum only by their older parts. The 
regular eaor ee) commonly exhibit foliose lobes (F) or 
growths (CL) which coralloid (especially in Lithothamnion), up- 
Closely Re T are often densely aggregated. The young stages 
and Lit P elobesia ((s45) P. 25). While Melobesia, Lithophyllum, 

Dro 1e show clear differences in reproductive details, the 
"Wee Foslie (one non Crouan; M. farinosa Jamour. var. 

S 52) p. 58). 
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imitation of vegetative material presents consid : 
ES aid there is much difference of opinion between lent 
ties as to the placing of certain species. The encrustin a 
of the last two genera, moreover, vary considerably in habit 
to the substratum and the depth at which they grow Can 
as well as through the activities of boring Molluscs ( s 
u hyllum incrustans Foslie ((z21) pl. 58) i 

ithophyllum incr 221) Pl. 58) is wid : 
Mi a See shores where it forms thick adherent aan In rock. 
Mediterranean L. expansum Philippi (frontispiece, fig. 4: S Inthe 
(526) p. 243, (659) p. 20), on the other hand, the crusts are attach don 
at their centre and often possess numerous flat lobes with a onl 
layered edge. Lithothamnion lichenoides (Ell. & Sol.) Foslie: (f one- 
piece, fig. F, J; @ıs) p. 6, (221) pl. 11) shows a comparable E 
in most species of the genus the encrusting base develops short ut 
right protuberances of various shapes, as in L. glaciale Kiel ö 
(frontispiece, fig. C; (221) pl. 23), a widespread northern ann en 
L. polymorphum Aresch. (@21) pl. 39; Melobesia polymorpha, (5 | 
345); in L. calcareum Aresch. (frontispiece, fig. B, G, H «a pl 1 
these upgrowths are branched and coralloid. 

In taxonomic descriptions a lower region, the hypothallium (fig. 180 
D, A), is usually distinguished from an upper, the perithallium (5): 
The hypothallium generally consists of the prostrate system and of 
the lower parts of the upgrowing threads, while the perithallium com- 
prises the vertical rows which commonly make up the greater part of 
the crust. Where the erect system arises abruptly, as in Lithophyllun 
expansum (fig. 180 B) and L. orbiculatum Foslie (422), the hypothallium 
consists merely of the one-layered prostrate system (A); its cells cut 
off cover-cells (fig. 180 C, c) as in Melobesia, and then give rise to the 
erect threads which increase in length by intercalary division of the 
underlying cell ((6so) pp. 20, 63). In certain species (e.g. Litho- 
thamnion lichenoides, (xs) p. 127, (545) p. 91, (659) p. 63) the hypo 


a) 


ae 
f 
P 
L 
= 


thallium is several-layered, even at the margin (fig. 180 A, h), and Fig 
forms a considerable part of the crust, the uppermost layer bending eg 
up to form a narrow perithallium (p), whilst the lowest layer shows D 
` a slight downward trend. D 
In such instances a multiaxial structure is recognisable G A di 
L. polymorphum, (286) p. 271, (ss) p. 97; L. Patena (Hook. E ii En 
Heydr. in (s02) fig. 488, 1), hypo- and perithallium being respec ^ 
comparable to the medulla and cortex of a Corallina Vert ) » dim thos 
249, (659) p. 73); in many species of Lithothamnion and E the d 
(fig. 180 B), however, the hypothallium is asymmetrica, e em 
development of offstanding threads confined to its MERE A à 
: Lithophyllum lichenoides Philippi; Melobesia lichenoides (COLE E (659) pis 
See (221) p. 22, (412), (415) p. 13, (482), (526) p- 245) (545) en B 


p. 19. 
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its d 


: one an } (652) p. 17). In 
eg cover-cells (fig. 180 A, c) extend right over the growing 


the perithallium are usually smaller and have thicker 
r ones contain plentiful discoid chromatophores, while 


pals The UPP° 


IS 


xS 


E Ke SE lichenoides (Ellis & Soland.) Foslie, section of 
edge of ec NS E, Lithophyllum expansum Philippi; B, C, sections of 
V ia EE marginal segmentation; E, single erect thread. 
» Bas (A ü 7 Lenorm., vertical section of part of a crust. 
6 cover-cells: GE zesch.) Kjellm., vertical section of part of a branch. 
thallium; tetra, orus; A, hypothallium; m, marginal meristem; p, peri- 


d » tetrasporangi x GE i g 
rest after Suneson,) angium. (D after Rosanoff; E after Rosenvinge; the 


those b 
elow ‘ : A 
often in larg often include numerous starch-grains; the inner cells are 


commonly sh D dead. In Lithophyllum the cells of the perithallium 
Secondar: NOW an evident transverse arrangement and are joined by 


Y pit- 8 A : 
SC dc connections which are not produced in the customary 
i 


si are lacking a, 22, 71). In Lithothamnion, on the other hand, such 


With one an and adjacent cells fuse more or less completely (fig. 180 
Other (cf. Corallina, p. 474; Melobesia), a feature often 
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arly well seen in the tissue roofing the sori: wh 

Ived, branched expanses may result. Peso, Severa] tell 
368) differs from Lithophyllum chiefly in dw op. 

enlarged ovoid cells, occurring singly or in groups Within i d 

Trichocytes are lacking ig toe ae ee discussio i 

Rosenvinge records unicellular hairs in Lithophyllum. RM SCH 


deposition of lime, see p. 400. 


he germinating spores ((129) p. 373) divide to 
+. of cells from which the adult thallus appears oon M Pac 
proliferation. The rate of growth of the older plants is sete] 

. II). Increase 1n thickness of the crusts is effected by he (n 
thallium («us p. 23) and localised growth results in the Broan © peri- 
commonly seen in Lithothamnion. Growth is periodic and aos 
cessive zones (cf. fig. 180 D), often alternately lighter and dae suc- 
frequently (especially in Lithothamnion) delimited by hone are 

D layers of a substance which stains deeply with haematoxylin ‘a 
: p. 326, (558) p. 212) and which is probably formed when E 
ceases. Not infrequently one part of a crust grows over an adjacent 
one and, when this is so, each stratum may have its own hypothalliun 
(L. polymorphum (558) p. 228). In Lithothamnion ((652) p. 26) the old 
tetrasporangiate sori become gradually buried and appear as small 

hollows in the crust. 

Although the encrusting Corallinaceae attain their greatest develop- 
ment in warmer seas, species of Lithothamnion and Lithophyllum often 
form extensive sublittoral banks in temperate and polar seas (tm 
P- 69, (254), (343) p. 15, (413), (414), (416), (419), (420)). A widespread species 
in Britain and Northern France is Lithothammion calcareum (o3) and 
in certain areas (Co. Galway, Finistere) the many fragments of the 
coralloid growths cast up by the waves constitute a regular Litho- 
thamnign beach ((142) p. 71, (413); cf. also (3334) p. 16), the calcareous 
material of which is locally employed for liming the soil. In the 
Mediterranean, Lithophyllum tortuosum (Esp.) Foslie forms a belt a 
low-tide level on exposed shores ((197) p. 196, (226) p. 272, (44 p. 197; 
(4972) p. 85), while other Melobesieae play an important róle down to 
depths of 80 metres (688) p. 222, (714) p. 235). There is no spec? 
common to the Arctic and Antarctic (416). 

It is, however, in the oceans of the Tropics that t 
together with other calcareous Algae, Foraminifera, and Corals fo 
up the huge calcareous masses, generally spoken of as ^ SOM 

d although in several the Corals appear to play a subsidiary ie im- 
of them the encrusting Corallinaceae (Nullipores) are of S 
portance as cementing organisms.! In the Funafuti boring ` ey 


particul 
are invo 
(412) P- 


D 


hese seaweeds, 


were 


! See especially (13) P. 151, (140), (211) pp. 133, 147; (218), 2 
PP. 177, 315, (231) p. 68, (315), (321), (414), (415), (620), (6202) P: arent the ree! 
(662) p. 189, (723) p. 129, (724). Walther (715), however, states v 
between India and Ceylon are largely built up by Corals. 
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eur abundantly down to a depth of 1000 feet. According 
cells fou VER 103) the most important reef-forming species over 
5, oF Jie f the Indian Ocean are Porolithon oncodes, P. craspedium, 
€ of jarge 8° Yum Gardineri, and Goniolithon frutescens Foslie; several of 
lus, left also widely distributed over many parts of the tropical 
SH these nr also (6204) P- 318, (622) Pp. 270, 276). The Melobesieae 
the Pacific (c ]l-aerated water for successful growth and usually occur in 
require pete there is a fairly strong current ((216) P- 5, (723) p. 131). 
Pact sitio inea considerable number are known to thrive at very 
G ie depths (200-350 fathoms (622) p. 278) in clear waters in 
peri- the Tropics: . 
ices, he encrusting Corallinaceae eee the Cretaceous onwards 
Suc- (Archaeolithothanivior, see p. x and in the Tertiary are for the most 
‚are art represented by genera SCH pra (see (525) p. 100 and (628) p. 187 
ntal and the literature there cited; also (322), (414) p. 646, (418)). They 
(ia m evidently long played an important róle, and extensive limestone 
wth rocks consisting largely of Lithothamnion (260) are known from various 
cen pats of the world, e.g. the Leithakalk (Miocene) of the Vienna basin 
kita (a) p. 18) which has been used extensively as a building stone. 
: old Solenopora (038) p. 442, (627) p. 2 (628) p. 189) and allied genera, 
mall grouped by Pia (625) p. 98) in a separate family, are largely Palaeozoic 
» (Ordovician-Jurassic) forms which are usually regarded as related to 
lop- the encrusting Corallinaceae ; the recent record of conceptacles in 
fa Bern if substantiated, would warrant their inclusion in 
orallinaceae. 
(tun The Nullipore banks are inhabited by lime-boring Algae, Molluscs, 
Sus etc, ((181), (197) p. 199, (212) p. 30, (216) p. 6, (471)), which cause more or 
and les considerable destruction of the older growth, while percolating 
the water may convert certain parts into a structureless mass ((714) p.-242). 
itho- Inthe deeper portions of the Funafuti boring there was a great increase 
eous inthe amount of magnesium carbonate (40% or more, cf. (334) p. 373) 
the so that the older parts of such reefs probably approximate in chemical 
lt at composition to a dolomite ((134) p. 58, (307)). 
197: 
n 10. THE SPECIAL DEVELOPMENT OF THE MULTIAXIAL 
gl TYPE AMONG RHODYMENIALES 
eds, Sidler Construction of a distinctive type is found in the genera 
yuild d (704), Chylocladia, and Lomentaria which belong to the 
fs" ‘ini ee ((s) p. 66, (392) p. 26). The structure of the first two is 
nall cant mel essentials, Chylocladia kaliformis! (@76) pl. 145), an 
im- cae mer lithophyte, has the jointed habit (fig. 181 E) typical 
were tthed e ere of the family. The fistular thalli, which are at- 
(ol whorled CS Es disc, are constricted at the points at which the 
E laphrag aches arise; both here and at the bases of the branches 


ms bridge the central cavity, which is elsewhere filled with 


LL 
Omentari, : D x s o ` 
aria kaliformis Gaill., Gastroclonium kaliforme Ardiss. 
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) 
; i llus (fig. 182 C) į 
mucilage. The entire tha 8. 182 C) is enc : 
envelope (m) with a well-marked cuticle (cu). ased ing Alte 


Fig. 181. Rhodymeniales. A, Chrysimenia (Botryocladia) uvaria (L.) J. A8 
with cystocarps (f). B, Rhodymenia palmata (L.) Grev. C, Chrysmeme 
ventricosa (Lamour.) J. Ag., older plant with-cystocarps (f) and two young 
plants. D. Coelarthrum Albertisii (Piccone) Boerges., part of a plant. D Chie 
cladia kaliformis (G. & W.) Hook. F, Lomentaria articulata (Huds.) Lyng: 
G, Champia parvula (Ag.) Harv., part of plant bearing cystocarps OU & 


. after Kuckuck; B ap SÉ ang DT after Kützinl 
d G after Taylor.) after Rosenvinge; D after Boergesen; E, 


In the older parts (es 1 the surface 
SS 4) p. 70, (289) p. 308, (380) p: 72) 
Consists in the main of a re al elongated cells (fig De 


i C, co), with 16 to 20 little-branched threads (2) running longit 


1 : ^ s 5 details: 
Other investigations ((168) p. 405, (744) p. 76) are not correct in all 
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inner side at more or less even intervals. These longitudinal 
2 182 G, l) converge towards the rounded apex, where they 

à 4 in apical cells (a)! (cf. also (37) p. 686, (351) P- 704), not all 
rind at quite the same level (fig. 182 C). Each apical cell (a) cuts 
y of segments (s) which divide tangentially (cf. also fig. 


ingle TOY : : ; 
d'AS, outer halves constitute primary cortical cells (co), while 
102^ 


saan aa 


C Ne) 
GI 
LS 


fig. 182, A, C, E-G, Chylocladia kaliformis (G. & W.) Hook.; A, E, F, early 


Stages in developr 


Ag, meee ment, E from above, the others from the side; C, longi- 
menia | SES through apex of thallus: G, the latter from the surface. 
Ung hind NUN tula (Ag.) Harv.; B, single longitudinal thread, segmentation 
hylo- a branch (br) » transverse section of thallus through the point of origin of 
mg Dhragms: ; Bul apical cells; co, primary cortical cells; cu, cuticle; d, dia- 
A, C 5 segment: sc. -cells; 1, longitudinal threads; m, mucilage; r, rhizoids; 
zing; Kin) "D secondary cortical cells. (B, D after Bliding; the rest after 
the inn 
er à 
face Primary SE lengthen to form a longitudinal thread (/). The 
d large A SCH divide anticlinally to form the peripheral layer 
nally T Which contain several nuclei, numerous very small 
Hn Naege]}) 
tails ita) gels : Seo ke 
*Pical cer are (G73) p. 246) and Wille’s (743) statements that there is a single 


erroneous (cf, also (7)). 
un 
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atophores, and in some localities light-reflect; 
E they cut off obliquely on their outer side a ene GI , 
small cells (fig. 182 C, sc) forming a disconnected SN We 
(cf. also (558) P- 577), which 15 stated ((37) p. 677) to ES SE layer 
in plants exposed to strong light. Especially texte. 5 
its cells produce elongate, thick-walled hairs. 
The cells of the longitudinal threads undergo no fare 
division, but most of them cut off on their inner Skbn er transverse 
cell with plentiful contents (fig. 182 C, 2), the Dub » SEN 
writers. At the points of branching of the thalli these cell Ame ican 
form threads which unite, with the establishment of a S diy 
connections, to produce the one-layered diaphragms (fig i Dit. 
The numerous bulb-cells that do not develop into 2C,D 
been interpreted as glandular elements ((289) pp. 31 
more usually, as undeveloped diaphragms. Similar a A Tather 
in most Champiaceae and are also present in Rhodymeniacean A 
below), where diaphragms are usually lacking. Their utilisation i i 
formation of diaphragms is apparently a secondary feature ae 
p- 35) and they are perhaps best regarded as arrested hyphae. WH 
Branches originate by the outgrowth of several peripheral cells into 
threads (fig. 182 D, br) which unite to form the apex of the new Eis 
(G89) p. 315, (ss) p. 579); adventitious branches appear at inde. 
terminate places in older plants. 


Kylin ((392) p. 30) maintains Kützing's genus Gastroclonium for those 
species of Chylocladia in which the main axes and the basal parts of the 
branches remain solid, with only slight elongation of the inner cells 
(cf. (42) p. 23, (289) p. 315). The hollow parts show essentially the same 
structure as Chylocladia. G. ovale (Huds.) Kütz.! is a frequent littoral 
species. 

Champia parvula? (fig. 181 G), a widely distributed epiphyte in the 
warmer seas of the Northern Hemisphere, forms dense bushy tufts 
arising from a number of creeping threads attached by multicellular 
haptera ((se) p. 408); the branches here often arise singly. The more 
robustand little-branched C. lumbricalis Lamour. ((270) pl. 30, (89) p.317) 
has a wall of a number of layers of cells, while the diaphragms may be 
several-layered. 


In Lomentaria there are no diaphragms. The thalli of L. articulala 
(Chylocladia articulata Harv. (276) pl. 283), which is common between 


tide-levels, are constricted at the points of branching (fig. 181 


s a 8). 
! Lomentaria ovalis J. Ag.; Chylocladia ovalis (Huds.) Hook. e, e 


In the Mediterranean G. clavatum (Roth) Ardiss. (Lomentaria clav EH 
Chylocladia clavata (Roth) Bliding, (42) p. 38; C. mediterranea J. AE js 
SE is solid. C. mediterranea (Kütz.) Zanard. (763) P E 
"taria compressa (Kütz.) Kyli . 27). ütz. For 
* Chylocladia Gee Hook: Cea Se 5 Dre parvula vue (50) 
the structure of this and other species see (37) p. 686, (#1): ge 
P: 407, (289) p. 321, (475) p. 247. : 
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are solid. Those of L. clavellosa (Turn.) Gaill.,! on the 

y re hollow throughout and unconstricted ; they may reach 

o E cm. and show distichous branching. The anatomical 

41, (168) p. 411, (289) p. 323, (380) p. 44, (ss8) p. 583) is 

re FS Ze Chylocladia (fig. 183 A). The Geen Sc 

p like t g. 183 B, sc) is, however, more extensive and may form 

celled cortex several-layered covering to the older parts. The longi- 

ds (I) are branched (fig. 183 C) and joined by secondary 

(b), while in the solid nodes of L. articulata they are 
and consist of large rounded cells. 

development? is similar in all Champiaceae. The spores 

y uadrants which then segment into two horizontal 


ections 


p i 2 E). The four upper cells (a) constitute the primar 
bs et, e horizontally to produce the erect thallus (hes 
m d F: 183 E) while those of the lower tier grow out into rhizoids (7). 
e (cf Ne thallus broadens, additional apical cells are formed from some 
nthe of the uppermost segments. Older germlings of Chylocladia and 

y) Lomentaria show a thick, hemispherical or nearly globular attachment- 
organ bearing one or two erect fronds. In L. uncinata Ménegh. ((173) 
into p. 248) it gives rise to radiating stolons, which form secondary hold- 
7 axis fasts at their tips. ANADA 
inde- The Rhodymeniaceae show greater diversity in external habit and 
include a number of non-fistular foliose forms (Rhodymenia, fig. 181 
those B: Fauchea). Chrysimenia (sens. lat., fig. 181 A, C), Coelarthrum (fig. 
f the 181 D), and Bindera, however, resemble the Champiaceae in pos- 
cells sessing vesicular thalli and in the presence of bulb-cells like those of 
same Chylocladia on the inner surface of the cells lining the central hollow 
toral (ig. 183 G, H, i). In the Australian Bindera splachnoides Harv. ((277) 
pl. 111, figs. 1, 2; Halymenia saccata Harv. (6) p. 41, (277) pl. 133, 
d bei p. 5) these terminate systems of branched threads (fig. 183 K). 


Inall Rhodymeniaceae the inner cells are large and rounded (fig. 183 


Mis I,J; (92) p. 35), which no doubt represents a more primitive condi- 


more n z 2 
ar] tion than that found in Champiaceae. 
ym Rhodymenia palmata (fig. 181 B; (276) pl. 217), a widely distributed 
litoral perennial with a dark red, simple or branched thallus (cf. also 
ilala Sch 569), is the dulse of the Scots and the dillisk of the Irish and is 
E th pice 411). The early stages ((:29) p. 438, (340) p. 191) resemble 
H m et Champiaceae, although the young fronds are stated to be uni- 
18) es mhe axial thread persisting in the basal stalk. The mature fronds 
i non P. 198, (389) p. 35, (634) p. 30, (745) p. 99) possess a marginal 
only E consist of several layers of thick-walled medullary cells 
db is Ke Bye rather narrow small-celled cortex; in the stalk the latter 
For D “and in older plants shows zones of growth ((331) p. 23, (349) 
Chrysimon: 
va | s noi clavellosa J. Ag. ((276) pl. 114); Chylocladia clavellosa Grev. 
P:582; cf, se (162) p. 344, (173) p. 249, (339) p. 246, (379) P- 5, (558) 


Ims-Laubach, Ann. Yard. Bot. Buitenzorg, 4, 152-3, 1884. 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


516 FLORIDEAE (VEGETATIVE SYSTEM) 


SES 
SOUS GaSe 


a EH 
CE 

et 

SEE 


a 
22 


GE 
HH 


gitudinal 
Jongi- 


: nt 
dichotoma Farl.; G, bulb-cells; H, longitudinal section. 1, Rouge He 
Setch., section of thallus. J, K, Bindera splachnoides Harv.; J, par in H, D) 


EOS Sê 
1, bulb-cells; /, longitudinal threads; m, medulla; 7, rhizoids; $6, $ 


n ; 
cortical cells. (D-F after Killian; I after Sjdstedt; J, K after ylin; 
after Bliding.) 
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attachment-disc is composed of numerous rows of cells 
io?) T The young fronds bear groups of hairs which are visible 
'" eve. Butters (90) gives a few data on the structure of R. 
h S & Rupr.) Ag» a characteristic subarctic sublittoral species 
pet (BE ‘thallus showing perforation ((623) p. 313). Fauchea ((389) 
th à ar 239, (634) P- 25), confined to warmer seas, has fronds with 
ph bc structure (fig. 183 I) as Rhodymenia. Dendrymenia ((638) 
mac ns à similar habit and sympodial mode of growth to Con- 
s 

p. I , 3 02). 2 . . ] 
wie. usually included in Chrysimenia (364)! are frequent 
S forms of warmer seas, varying in the degree of inflation and 
of branching of the thallus (fig. 181 A, C). Coelarthrum, 
‘tributed in warmer seas (47) p. 189, (so) p. 404, (57) P. 40, (60) 
Jl as in Australia ((392) p. 14), has a dichotomously branched 
181 D), showing periodic constriction at points where 
M hragms occur. The bulb cells are here borne on irregular 
Od elements. The Tasmanian Gloeosaccion ((4) p. 316, (277) pl. 83) 
a a simple saccate thallus. Halosaccion ramentaceum (L.) J. Ag., a 
characteristic North Atlantic and Pacific seaweed, with a very variable 
habit (660 p. 30), i5 often ((685) p. 304) included in the Rhodymeniaceae 


(cf, also (404) P- 27). 


333): as We 
thallus (fig 


11. THE SPECIAL DEVELOPMENTS OF THE UNIAXIAL 
TYPE AMONG CERAMIALES 


The numerous genera of Ceramiales exhibit great diversity in vege- 
tative construction, as exemplified by the families Ceramiaceae, 
Delesseriaceae, Rhodomelaceae, and Dasyaceae, although these only 
present minor differences in their reproduction. Diverse genera attain 
toa high degree of morphological complexity. All Ceramiales are, 
however, uniaxial. Moreover the germinating spores develop a single 
bipolar axis from the first (figs. 184 G; 185 D, E) and all traces of 
heterotrichy are lacking.? While the first septum is usually described 
Stunning parallel to the substratum, Chemin (29) affirms that it is 
Vertical or oblique to the latter and that the germling is at first pro- 
trate, although the apex soon becomes erected (cf. also (483)); this is 


| 201 o 
most certainly a cultural condition. The four families are best 
considered separately. 


1 ` 
à me erases a number of distinct genera, viz. Botryocladia, with 
« Uvaria (LJ allus (incl. C. pseudodichotoma Farlow, (42) p. 51, (194); 
P. 187, (50) 5 o Ag. (47) p. 189, (so) p. 402, (52); C. pyriformis Boerges. (47) 
Compressed m C. microphysa Hauck), and Cryptarachne with strongly 
D. (272) & showing extensive hypha-formation (incl. C. Agardhü 
Date Ri. or (50) p. 392). The genus Chrysimenia is retained for C. 
: ze Bee also (778), 
29 


P. 71, (695) ane (173) p. 256, (339) p. 213, (389) p. 136, (558) p. 336, (692) 
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(a) Ceramiaceae 


Many Ceramiaceae retain a filamentous habit, and this; 
in Callithamnion, where the structure1 resembles tha) obvio 
chaetium (p. 450). The richly branched tufts of the forme at of 
commonly only 2-5 cm. high, have much the habit of A lg 
(fig. 184 B). The elongate cells are uninucleate (C. SE 
(470) pl. 129; C. roseum (Roth) Harv. (276) pl. 239) one laei D 
multinucleate (C. corymbosum), and mostly contain rib Ro Usually 
chromatophores. The branches arise alternately and in ni 
succession (560) from just beneath the septa, usually standing og. 

In al 


C. Hookeri, fig. 184 B; (276) pl. 279). In many the p 
composed of broad, thick-walled cells (fig. 184 B, a) w 
show a zigzag disposition ((697) p. 538). Vigorous de 
laterals occasionally results in pseudo-dichotomy in the later b 
2 : : Tanch. 
ings (C. corymbosum Lyngb. (276) pl. 272). Certain Species (0 
Brodiaet; (558) p. 314, (559)) at times produce a profusion of longae i 
hairs on the ultimate branches, which may continue to grow s er 
podially, as in Acrochaetium. p 
The older parts are usually enveloped in an investment of delicate 
multicellular corticating threads (lacking in C. byssoides Arn. 276) pl. 
262) which originate from the basal cells of the laterals (fig. 184 C) and 
sometimes (C. Hookeri) also from the lower ends of the axial cells; 
they commonly grow through the thick walls of the latter, although 
ultimately penetrating to the exterior. This cortical envelope often 
forms a compact tissue (six cells thick in C. tetricum Ag. (736) p. 194; 
cf. also (734) which completely obscures the lower part of the axis and 
may contain chromatophores in its outer cells. Not uncommonly 
short adventitious branches arise from it. - 
Anchorage is effected by similar multicellular filaments emerging 
from the cortex and from the basal cells of the lower branches and 
sometimes (C. tetricum) uniting to form a definite disc. The germlings 
are attached by a basal rhizoid (fig. 184 F, G), which is soon RS 
by others. In C. Furcellarieae J. Ag. ((558) p. 339) attachment is aided 
by horizontal stolons which arise from the lower axial cells and mi) 
give rise to further erect threads. Similar structures are recorded P 
the minute C. scopulorum Ag. ((733) p. 130), where they emerge Sie 
: £ p. 13 ` ble aid in 
from the under sides of the branches and, being detachable, 
vegetative propagation. 


hich Sometimes 
velopment of the 


r (cf. (59 p. 999 
C. roseum) favor, 
Se 


Certain species persist from one season to anothe 
although others are probably annuals. Several (e.g. 
mud-covered rocks near low-water mark, while others (e. 


1 08, (692) P: 67: 
See (369) p. 150, (478) P. 358 (as Poecilothamnion), (558) P- 3 
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ysually epiphytic, with rhizoids penetrating into the sub- 
4d more One of the most robust species is C. tetricum. 


nlings dr A-C, F, G, Callithamnion. A, C. Baileyi Harv., habit. B, F, G, 
‘cet Bail ookeri (Dillw.) Ag.; B, apical part of a plant; F, G, young plants. C, C. 
: b ileyi showing cortication (co). D, Spermothamnion Turneri (Mert.) Aresch., 
aided one E, Trailiella intricata (J. Ag.) Batt., base of plant. H, Sphondylo- ido 
| may mon multifidum (Huds.) Naeg., small part of a plant. a, axial cell; d 


led in Rosenvinge à thizoids. (A, C, D after Taylor; H after Hauck; the rest after | 


"A M : : 
aid in on Se a, Pleonosporium, and Seirospora! differ from Callithamnion 
Ka EI reproductive features; Seirospora Griffithsiana Harv. (676) 
however os (Microthamnion J. Ag.) was established by Harvey (276) who, 
emm Gig (222) P. 237) again included it in Callithamnion (C. seiro- 
ti) atures (p Sc Poecilothamnion seirospermum Naeg.). The reproductive 
dal — M that Sej Osbora ), however, Warrant generic separation. Schmitz (593) believed a 
d “own that these as characterised by its uninucleate cells, but it has since been 
po f P: 13, (460) 5 N also in some species of Callithamnion (cf. above and 
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8) p. 364, (558)\P- 347, (580)) is a rare North Atlanti 
species. Compsothamnion ((478) p. 342, Gaam. which ius sub 
branching (fig. 275 H), includes a number of delicate fos Wi 
low-tide level (cf. (276) pl. 5, 269, as Callithamnion), SM Dd ne, 
thamnion (475) P- 380), Ss öre Nidely distributed S. A Sblongr" 
p. 181, (zs) p. 230), is distinguished by its whorled [ares ae dun (e 
both genera are uncorticated. (fig. 184 a 

Spermothamnion ((373), (460) p. 281, (478) p. 351, (s31) om i 
Ptilothamnion ((69) p. 179, (387) p. 77), and Trailiella (Ge 298) 
p. Ai (373) p. 87, (432) P. 196, (558) p. 305), the last a recent Së 9, bat 
into Northern Europe, are uncorticated epiphytes With creep; Toduction 
attached by haptera (fig. 184 D, E); Trailiella intricata? ioe es 
tinguished by the possession of vesicular cells (p. 586) E dis. 
degree of branching of the erect threads. The common € slight 
Spermothamnion found between tide-levels is probably conned orm of 
nated S. repens (Dillw.) Rosenv., while S. Turneri (Mert, Are Jn 
other closely related forms, regarded by some as distinct SM and 
to have only varietal value. The creeping filaments are Der AE 
the numerous branches of the erect filaments are either dE 
(usually in var. Turneri) or alternate (usually in var, roseolum); deal 
are multinucleate. Ptilothamnion pluma (Dillw.) Thur, (Callithomn 
pluma Ag. (276) pl. 296) is a rare, though widely distributed, form on 

A similar attachment by creeping threads is seen in Vickersia Desen 
(J. Ag.) Karsak. ((s4) p. 20; (336); Callithamnion baccatum Ag.), found in 
the Mediterranean (@25) p. 224) and the islands of the North Atlantic 
(6683) p. 55); here the opposite or whorled laterals of the erect threads 
are composed of single much inflated cells (fig. 289 G; p. 713). 


pl. 21, 47 


3 


Griffithsia (sei p. 202, (375) P. 99, (428) p. 641, (751)) is distinguished 
by its huge non-corticated multinucleate cells which are readily 
visible to the naked eye; the older ones may contain several thousand 
nuclei as a result of repeated division. The copious forked branching 
(fig. 185 I) is due to equal development of lateral and parent axes. 
Short branchlets (fig. 185 J, f), bearing the reproductive organs, aris 
from the tops of the younger cells, while richly branched hairs (fg. 
185 I, J, 4) are commonly borne in the same position; both structures 
are deciduous. The entire thallus is encased in a thick much 
envelope, which in G. corallina is two-layered and visible to the ne 
eye (58) p. 215). The early development resembles that of = IP 
thamnion ((129) p. 478, (339) p. 223, (379) p. 16), the older plants il 
usually attached by vigorous rhizoids emanating from the bas? © 
of the germling ((so) P. 204, (173) p. 259, (428) p. 654): 

f 1 As Spermot 1 i 
14 : SE een & Batters (812) Oe 

* Callithamnion Turneri (Roth) Ag. ((276) pl. 179); Herpolhanm 
(Mert.) Naeg. ((478) pp. 348, 351). Other members of this aggree ) Pring: , 
Sometimes distinguished as separate species, are S. roseolum Es Hr 
(631) p. rs) and S. hermaphroditum (Naeg.) Janczewski (628) P: 
thamnion hermaphroditum Naeg. (478) p. 352). 
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ctures 
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naked 
Calli- 
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al cell 


Fig. 18 
"Is. A-F, ; 

5 à dtum uen phan 

ne E same 
Turnen! i D 
SE -ce cell-division, formation of vacuole (v) in 
inp À. f ments, with fore on; I, habit. J-L, G. corallina C. A. Ag.; 
dE di eod llus. e; ertile shoots (f) and hairs (A); K, young fertile shoots; 


erect axis of young plant; A, hairs; /, branches of un- 


1 SC Dë 


Blas ve, Vesici main axis; p, accessory lateral; 7, rhizoids; f, tetra- 
a 


ae cells. (A, I after Taylor; B after Rosenvinge; C after 


ft : 
er Killian; G, H after Lewis; J-L after Kylin.) 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Fe, 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


522 


are wide E 
(Harv.) J. Ag (G. Bornetiana Farlow) is a f 


Atlantic shores of North America. Bornetia E 
(Griffithsia secundiflora J. Ag. (691)), with the sa 
is more characteristic of ‚warmer seas ((436) p. 21) aA a 
common form with multinucleate cells is Halurus Nother nop A 
(Griffithsia equisetifolia Ag. (276) pl. 67), which ; 
whorled branching ((478) p. 399). 


Greater specialisation is evident in Antithamnion 1 mp 
widely distributed species, usually found on roche vith Seven 


: ne; n 
mark. The plants possess creeping threads which have un A 


and bear a number of erect uncorticated filaments Thei Trei mo 
Dr . . S r branch d 
usually clearly distinguishable into those of unlimited and ES are orig 
limited growth. Several branches arise from the same GE those of hon 
those of limited growth are either opposite, as in 4. er plu 
A, B; Callithamnion cruciatum C. Ag. (276) pl. 164) and 4 5 Iti oth 
(Müll.) Kleen (C. floccosum Ag. (276) pl. 81 ; Pterothamnion Nae xd | 
in whorls of three (cf. Crouania, p. 459) or four, as in 4 SH not 
Berthold ((36) p. 516, (so p. 56) and A. subulatum (Harv.)]. Ag ‘a i 
p. 50); the members of a whorl develop successively. The o. s 
branchlets are commonly adaxial (fig. 185 B, C). The branches of yn. [s 
limited growth are alternate and take the place of a short lateral (fg, side 
185 B, /). The uninucleate cells contain numerous chromatophores fem 
In A. plumula (Callithamnion plumula Lyngb. (216) pl. 242) the wha 
branches of the erect threads are generally opposite and in one plan Cro 
(fig. 185 C), although in shaded habitats they tend to turn in the direc Sper 
tion of the light ((37) p. 614). Cells producing a shoot of unlimited with 
growth (fig. 185 CD commonly lack the opposite lateral, which is ako T 
often wanting on one or two of the overlying cells of the parent branch of F 
Frequently, however, the cell from which a long shoot arises bears 2 Piil 
pair of unbranched laterals (p) in a plane perpendicular to the normal side 
plane of branching. Occasional individuals have the branches in whorl Wë 
of three or four, with the long shoots orientated in diverse directions twe 
according to Berthold ((37) p. 614) this is a result of uniform de pins 
ur GE e Rosenvinge’s observations ((558) p. 364) render Tese 
oubtful. Succ 
The short laterals of A. cruciatum (fig. 185 B) are often dense thar 
also (s4) p. 51, (537) p. 170), though the angle between succes men 
varies, while plants exposed to unilateral illumination are E Tight 
Berthold ((37) P. 573), who made considerable studies e kont i 
reactions of this species (cf. also (697) p. 545), to develop all m p.6, 
54 L itu 
! See (37) p. » (50) p. 226 . 51, (93), (357) P: 254 (383) P: gi. Tepe 
P: 200, (476) fos See GC 374 (as Pterothamnion), de the, 
P: 25, (558) p. 359, (577) p.137. Platythamnion and Antithamnio the 


essentially the same features. 
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In this species long shoots also arise adventitiously from 


4 teral of limited growth. 


jan! 
x cell of a la 
t 


development of A. plumula ((129) P. 483, (339) p. 216, 


The E like that of Callithamnion. À protrusion of the spore 
um P: Luef as the first rhizoid (fig. 185 D, E, r), while the rest 


pecome $ produce the erect axis (e). According to Berthold (G5) 
divides the primary axis of A. cruciatum soon terminates its growth, 

SP rocumbent or ascending branches arise from its base, It can 
while pe doubted that the creeping threads of Antithamnion, 

ard othamnion, etc. are always secondary in origin. In Antithamnion 
Sperm ‘ng threads are attached by unicellular rhizoids, as well as by 
e cute haptera, while in older plants multicellular rhizoids 
more ca from the lower branches of the erect axes: they are of course 
UE ous with the cortical threads of Callithamnion. In A. 
Ei reg p. 362).some of them develop into runners producing 
‘ther erect threads. ` ; 

The interrelationships of the diverse genera so far considered are 
not altogether clear. Since a uniaxial construction with whorled 
laterals is characteristic of many of the less specialised Florideae and 
isalso seen in Crouania and Wrangelia (P- 457) among Ceramiaceae, 
forms like Crouania and Antithamnion are probably more primitive 
than Callithamnion and its allies, a point of view which receives con- 
siderable support from a consideration of the arrangement of the 
female reproductive organs (p. 691). Whorled branching of a some- 
what different type is also found in Actinothamnion ((687) p. 659). 
Crouania, as already noted, altogether conforms to the Batracho- 
spernum-type, although the early development is practically identical 
with that of Callithamnion ((129) p. 486, (339) p. 218). 

The bilateral branching seen in Antithamnion is also characteristic 
of Ballia (p. 744), Plumaria (incl. Euptilota Cramer non Kütz.), and 
Ptilota, in which, however, the older parts of the thalli show con- 
siderable cortication (cf. also Wrangelia, p. 459). Plumaria elegans! 
(e) P 450, (598) p. 5), a small perennial lithophyte, is frequent be- 
teen tide-levels in the North Atlantic. The thallus shows repeated 
FM branching and, in the younger parts, presents considerable 
cuc RE to an Antithamnion (fig. 186 B). The paired laterals arise 

5 d y, that first formed (1—5) usually developing more strongly 
ment of Opposite one. The older ones exhibit a stronger develop- 

the branches of the second order on the abaxial face, the 


1 Pii 
dä ei elegans Bonnern. ; P. 


sericea (Gmel.) Harv. ((276) pl. 191). See (145) 


Wunder d 57, (zs) P. 206, (531), (558) p. 352. Naegeli and Cramer described 
treated by oie Ptilota plumosa, an altogether different alga, and this was 
e 


tmanns i a d h 
tror Was En SS edition of his book ((5oo) p. 585), althoug! 
? Algae (cf 


cond. There has been much confusion between 
* (357) p. 253). 
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Sa x-forming 
(in G), seconde 
D ii | 
eortical cells; su, surface-layer of thallus; £, superficial thread-li fer Ph al 
a after Cramer; D after Rosenvinge; F after Taylor; ee 
after Newton; the rest after Kylin.) 
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uncommonly ending in hairs ((ss8) p. 
ost oa eus (I) develop into long pe ge 
SCH E cortex enveloping the older axes is produced from two 
The ST cells (fig. 186 B, C, 4), cut off from the basal cells of 
gute due rise to cortical threads much as in Callithamnion. 
' this, however, the axial cells (a) put out protuberances 
om. perpendicular to that in which the main branches of the 


omer E downward directions as branched threads covering the 
pwar 


Ils, and a conducting system (c) of long narrow elements surrounding 
ceils, 


the large axi 


Ptilota plumosa ((276) pl. 80), a robust North Atlantic perennial, often 
epiphytic on Laminaria ((701) p. 70), is very similar in habit and general 
structure, The laterals (fig. 186 E, 1-5), here arising from alternate 
segments of the apical cell,’ are markedly unequal and the cortex, 
formed entirely by outgrowths (A) from their basal cells ((145) PP. 25, 
102 (558) p. 357; cf. also fig. 186 A, 4), develops at an early stage. It 
forms an envelope of large storage elements, with one or two layers of 
small superficial cells, while in the older parts there is a progressive 
production of hyphae from the former; at first these hyphae surround 
the axial thread, but later they aggregate in thick bundles and often 
occupy a large part of the transverse section. The larger axes show some 
compression. 

P. pectinata. (Gunn.) Kjellm. (P. serrata Kütz. (163)), abundant on the 
northern coasts of Atlantic America, is essentially similar in structure. 
Ste also P. densa Ag. (Pterota densa Cramer (145) p. 42). 


The richly branched tufts of Ceramium ((144), (369) p. 174, (513)) are 
often recognisable by the transverse banding of the younger parts and 
Me tong-like curvature of the forks of the ultimate branches (fig. 187 
N B, D). Each thread is occupied by a row of large cylindrical or 
Pod cells (fig. 187 B, I, L, ac), the older ones being almost 
iin is The rather regular dichotomy (644) p. 2, (351) p. 343) is 
of e y the appearance in the dome-shaped apical cell (fig. 187 C) 
ib ne oe walls which cut out the apicals (a) of the forks (fig. 


At an early sta 


D. Be a series of pericentrals is cut off successively (fig. 
> 3% €tc.5 F, p) at the top of each segment, their number 


l Thi s 
|]: n 
(soi) 315 not so in a 


P. 5) the ap; 
i nder th acabe 


ll Ptilotas (cf. P. Harveyi, fig. 186 A). In Euptilota 
ell cuts off somewhat oblique segments ((405) p. 66). 
€ name Prerota plumosa. 
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| thei 
Fig. 187. Ceramium. A, C. Deslongchampit Chauv., apex of a branch-systemi Gi 
B, C. fastigiatum Harv., ditto; C, C. Deslongchampii, apical D 
D, diagram of apex; E, diagram to show mode of formation of pence Spe 
(z-6); F, undetermined species, development of cortication and is an 
(br); G, H, J, K, Ceramium sp., early stages in development; I, C. Det d inhab; 
y champii, structure of a mature thallus-branch; L, ditto, dichotomy, 2 de (Lyn 
ri diaphanum (Lightf.) Roth, apex of thallus-branch with hairs re km the 
cells; ac, axial cells; co, cortex; m, mucilage; p, pericentrals; pl, lower Ge pro » 
upper cortical cells; 7, rhizoid; s segment; sp, spine; 4 m Zä rest ( ja 
(A, C-F after Cramer; G H after Killian; J, K after Pringsheim; M) 
after Taylor.) en = Sc 
Sey 
than 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


zed by Arya Samaj Foundation 


4 yang? M 


CERAMMCEAE 527 
diagnostic character ((sı3) p. 87, (524) p. 280). Each 
dei, Ze band thus produced cuts off four a 


dl o two above (pu) and two below (pl), and these give 


rise o, : 
the ax? ce envelopes not only the upper end of the parent seg- 


in others ( 


eo el separated (fig. 187 B, I, L) and are visible even to the 
e 


guided eye (fig. 187 A). The wi ae usually isodiametric or 
itudinally elongated, although in C. transversale Collins and 
a (60) p. 243, (40) P: 145) the lower ones are transversely ex- 
id Hairs ((s13) PP- 49: 86, (558) p. 372, (559) p. 208) are frequently 
ten ri on the younger parts (fig. 187 M, A). 
a primary cells of the cortical bands are no doubt homologous 
with those producing branches in other Ceramiaceae, as well as with 
the pericentrals of Rhodomelaceae. In certain species (e.g. C. ciliatum 
Ducluz. (276) pl. 139), in fact, each of these cells grows out into a short 
spinous lateral (fig. 187 F, br), while in others (e.g. C. acanthonotum 
(arm. 676) pl. 140) only one such branch is produced on each cortical 
band. The threads arising from the pericentrals are directly com- 
parable to the corticating filaments of Plumaria. Their cells may also 
bear short spinous branches, as in C. echionotum J. Ag. ((276) pl. 141; 
cf also fig. 187 F, sp). 
The germlings ((129) p. 488, (173) p. 258, (339) p. 221, (379) p. 18, 
(31) p. 33, (695) p. 6) are of the usual type (fig. 187 J), except that the 
spore is attached to the substratum by a cushion of mucilage (fig. 187 
C, m) which is penetrated by the first rhizoid. Cortex-development 
commences early (fig. 187 K). The mature tufts are attached ((701) 
e by rhizoids originating from the lower axial and cortical cells; 
dM VORNE and they may occasionally develop cortical 
558) p. 372). 


En Ceramium occur abundantly between tide-levels, as well 
inhabits Ee The Mediterranean C: radiculosum Schiller (578) 
(Lyngb) T. Ag especially the estuarine portions. In C. tenuissimum 
Ag. (C. nodosum Harv. (276) pl. 90) and certain other species 
include colourless refringent cells which contain 


= el! bands 
Toten, ` x 
Sometimes in the form of crystalloids ((209) p. 8, (372) p. 9, (381), 


Wh) p. 281 


HAE 2 
J U cells Ge PP. 55, 86, (514) p. 100), which may also occur in the 


Veral oth, 147 M, cr). 
: er 
thamnion (dee) 8enera show much the same structure. In Ceramo- 


P: 134, (542), (600), (727) p. 335), which is apparently 
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widely distributed in warmer seas, the little-bra e 

arise from creeping threads. Microcladia glandulos Ed erect fil 
Northern seaweed with distichous branching and =: Grev, a m 
a continuous several-layered cortex. In Reinboldiel], t flatten; tet 
Gloeothamnion (536)) the terete, pinnately branched ts 206), (703) 
prostrate} the form and density of arra alli ` 
differ on the two surfaces so that the 


ventrality. ; 
The widely distributed perennial seaweed Sbyridi 
188 A; (276) pl. 46) differs considerably from other Que ( 
p. 338, (50) p. 233, (145) p. 75, 29). The laterals (fig ër (d 
from the first pericentral of each segment, are abd on in 
5/13 spin 


Fig. 188. A, B, Spyridia filamentosa (Wulf.) Harv. (after Taylor); A, habit; 
B, small part of thallus enlarged, with tetrasporangia. C, S. aculeata Kitz, 
with tendril (t) (after Nordhausen). c, cortex of filament (f); de, pericentri 
cells; s, secondary cortical cells; te, tetrasporangia. 


parent-ce 
(figs. 186 G; 188 B 9): 


s), whic 


secondary pit-connections (pi) to the underlying ring © es 
According to Taylor ((685) p. 343) the pericentrals Se x 
longitudinally so that their number is equal to that of t LET 
cortical cells (fig. 188 B). The uniformity of the envelope 


Vire (50) P. 
* In the tropical S. clavata Kütz. the laterals are distichous ( 


ficiall 


235 
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" ` appearance of a Polysiphonia. The Secondary cortical cells 
Eed „alls the homologous with the corucating filaments of Ceramium, 
ni dE P sch i Spyridia they do not give rise to branched threads. The 
KE DG à possess a dense covering of hyphae arising from the cortical 
me dierft, m development is of the usual type ((129) p. 489, (173) 
. eee. D ls. $ 
p cal, 57} 

doni : 

Ors), (b) Delesseriaceae ((12), (382), (638) p. 20) 
ie (fig, Fo Delesseriaceae comprise a striking series of often delicate foliose 

B (ty The ‘in which the thallus commonly shows a development of mid- 
deit? fm eral veins so as to simulate to a remarkable extent the 
3 Spiral! ribs and latera Ties meld 3 leaf 
te of a higher plant (fig. 192). ey include a considerable number of, 


uently perennial, sublittoral forms, which, though widely distri- 
^ E probably attain their greatest development in the seas of the 
ben Hemisphere ((143) P. 149, (269) p. 470, (382)). The thalli are 


t produced by juxtaposition in one plane of the numerous branches of 
the axial filament (fig. 189 B), and SIS greater part of the resulting 
expanse usually remains one-layered,! midribs and veins alone de- 
yeloping a more massive structure. In the Australian Hemineura 

C frondosa Harv. (@70) p. I 16; Delesseria frondosa Hook. f. & Harv. (277) 

3 pl. 179), however, most of the frond consists of 3-5 layers of cells. 

ye The cells of the axial row (fig. 189 B, c) and of its successive 

: branches are linked by primary pit-connections, while the basal (5) 

| and adjacent cells of the laterals, which contribute to the formation 

| of midrib and veins, become joined longitudinally (fig. 193 B, sp) by 

- anumber of secondary pit-connections ((389) p. 183, (so), (553) pp. 466, 

476); such connections also arise between other cells of adjacent rows. 

In most genera the fronds are capped by a conspicuous apical cell (a 


SC in figs. 189 B; 191 D) forming a single series of segments, but in most 
em \ — Mtophylleae the apical cell is distinguishable only in younger stages. 
In the principal axes the segments cut off four pericentrals (fig. 189 

3 E, P), the first two (/p) in the plane of branching, the other two (mp), 
g which initiate the several-layered ribs,.in a plane perpendicular to it. 
En ae of formation of the pericentrals in Delesseriaceae contrasts 
I ub M und in Rhodomelaceae (p. 544) and Dasyaceae. Certain 
f a long os AG boglossum, Delesseria, Phycodrys, Nitophylleae) afford an 
ent “ption to the Strictly apical growth of most Florideae, since they 


6 
j B, W ; he more or less extensive intercalary division (cf. fig. 193 A). 
, vhi Ke, cell (fig. 189 B, a) is very evident in Hypoglossum 


A E 
m ardit,? with rather narrow lanceolate fronds (fig. 189 D). Its 
cent Le 1 Pant 

qii In Gliders (G70) pl. 83, (382) p. 17, (405) p. 47), with a number of species 


j as, has to À | 
condi Mets of cule” yo terete or only slightly flattened thalli, composed of several 
fili Mn of surface s Delesseriaceae found in the Baltic show a great reduc- 
e elesseria jan ` 426) p. 100 and the literature there cited). 

de 
j ) 


Tvoglossum (Woodw.) Lamour. ((276) pl. 2). See (12) p. 181, 


29 | 
P | » (382 p 


` 9 472), (475) p. 214, (744) p. 55. | 
taii 
1 35 ; 
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530 FLORIDEAE (VEGETATIVE SYSTEM) 
B, s) divide into a ` 
t segments (fig. 189 , Central 
eu extended pericentral cells (p), which funt) 


two trang 
The latter undergo very oblique diy; ~ 


ion as 

o Secon 

Sion to p 
E 


apical cells. 


1, A midrib 
Fig. 189. A, B, D, Hypoglossum Woodwardii Kütz. (after Kylin); SE 
in transverse section; B, apex of thallus; D, part of frond shown 
branching. C, E, F, Caloglossa ogaswaerensis Skuja (after Skuja); b 
thallus; E, F, transverse sections at different levels. @, apical oe l apical cells 
of lateral; br, branch; c, axial thread; cy, cystocarp; A, hm peri 
of primary laterals; lp, p, lateral pericentrals; ™, midrib; SE Jaterals. 
centrals; pi, pit-connection; 7, rhizoids; s, segment; sl, secondat 


1 ; rall the 
Pinnately arranged laterals of the first order (2, /, D), which i divers? 
secondary laterals (sl) abaxially. The elongate apicals a pact, frond: 
branches all reach the margin of the delicate, though co 
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DELESSERIEAE 531 ae 
ay pehind the apex (fig. Heg B) there is marked elongation i 
; tral cells (c) and of the ee cells of the primary laterals { 
nday E of the cr together form the foundation of the midrib. No other cell- 
m the de fect so that no veins other than the midrib are present in 
E osse ond. In the formation of the midrib cells are cut off 
ge matu rface (median pericentrals in the case of the axial row 
e E, F, mp), while further thickening is effected by tangential 
fg 189 ig. 18 A). The subsequent production of a considerable 
division df narrow hyphae (4), between the larger cells composing the 
nul P i ds to its mechanical strength. 
D ecies of Caloglossa (1:46), (248) p. 438, (249), (337), (477), (527) p. 43 
an), which inhabit tropical streams (313) and especially die 
j Sch estuaries, often accompanying Catenella, Bostrychia, ete. amid 
Të vegetation on the roots of Mangroves ((48) P- 46, (so) p. 341), 
2, e. very similar structure. The narrow prostrate thalli show frequent 


À constrictions (fig. 190 C), where forking occurs and bundles of attaching 


shizoids (fig. 189 C, r) are produced ; adventitious branches also arise 
from the dorsal side of the midrib at the points of forking (fig. 189 C). 
The apex is commonly inrolled, with the convex surface upwards. The 
commonest species is C. Leprieurii (Delesseria Leprieurii Mont. (272) 
».95; Hypoglossum Leprieuri Kütz.). 
In Apoglossum ruscifolium* (G2) p. 190, (353) p. 45, (380) p. 83, (484) 
p. 302) there is more extensive ramification of the cell-rows com- 
posing the blade, with adaxial development of the branches of higher 
orders. Moreover, the cells of the laterals of the first and second 
orders show marked elongation and form lateral veins which are, how- 
ser, not visible to the unaided eye. Grinnellia americana (fig. 190 A; 
(i) p. 197, (75), (380) p. QI, (382) p. 20), found on the Atlantic coasts of 
the United States, is very similar, but only possesses primary veins. 
The midrib of Apoglossum is enveloped in a dense mass of hyphae : 
fron C, A), but in Grinnellia there are only few of these. 
aa x Be so far considered the branches of the fronds arise | 
midrib (fig. 189 D, br) and are stated ((sss) p. 474), in Hypo- i 
Sum and Apoglossum, to develop endogenously from the central 


D ne (380) p. 85). In Membranoptera alata? (Delesseria e 
a chi, >) amour. (276) pl. 247), on the other hand, the copious | 
midrib eat 5 1s due to the further development of the apical cell of a | 
em mem pe first order (figs. 190 D; 192 B) and often results in | 
sl cell of whic ichotomy ; tufts of adventitious fronds (fig. 190 D, a), some ; 
ale Do between qm reproductive organs ((ss8) p. 484), arise in the angles 
n Ce d Spicuous niches. M. alata is a northern form, with a con- i4 
ps Wm ` rib (fig. 192 B) and narrow wings traversed by lateral gd 
all the l Dele H : P 
vert f Y caio Vie (Turn.) Lamour. ((276) pl. 26). - 
frond: f P: 62, : 168, (382) p, 14, (519) p. 183, (558) p. 481, (742) pp. 31, 64, (744) FA 


= 
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ds ; FLORIDEAE (VEGETATIVE SYSTEM) 
3 lesseria sanguinea 
The handsome Er d the “ Sg TM (Hydrolapathum $ | 
. Ag.), sometimes callec th ock-leaved Delesseria” a anguine V 


shaded situations between tide-levels, as well as in deeper y und in ort 
ater, h De 
à 
[3 
d 
are 


v.; A, habit showing fronds 
few cells in surface 
ith cystocarps (o). 


ous fronds. 


Fig. 190. A, B, Grinnellia americana (C. Ag.) Har 
with tetraspores (1) and cystocarps (cy); B, a 
C, Caloglossa Leprieurii (Mont.) J. Ag., part of a plant with 
D, Membranoptera alata (Huds.) Stackh., habit. a, adventt 


` after Taylor.) uh Wa 
n with CON L Jeu 
F fronds (fig. 192 A) which may reach a length of 25 Ka Secondi P 
Spicuous side-veins produced from the primary De usually only TI 

veins, formed from the cell-rows of the second arden terals of high?“ mm 

apparent under the microscope. As in Hypoglossum, @ me 

)p- 17" x 
1 See (276) pl. 151, (353) p. 41, (369) p- 136, (380) P- 92, (519) P ing is 


P: 475, (744) p. 57; and for other species (638) p. 21: 
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DELESSERIEAE 533 
4 H H fi 
Bing for the most part arise abaxially. Both in Apoglossum and } 
TE ‚ders 7 intercalary divisions occur in all but the axial cell-row ((380) | 
ter, h pues 
Nag d : E 
m al "ns midrib develops as in Hypoglossum, but the basal cells 
fhe oe laterals (fig. 191 B, b) divide transversely so that they 
zie half as long as the central cells. The surface layer of the mid- 
are 
Wy Uns 
B Fe 
v 
NOU 
‘= ejP LAN 
Je bé 
S Malek 
e AER 
‘oll 
N Es 


ACC X 


U 
U 


CE 


= 
PIS 70000 20 2.05 A EEE, 


Fig. 191. A, B, D, Delesseria sanguinea Lamour.; A, transverse section of old 
midrib; B, longitudinal section of midrib; D, apex of frond. C, Apoglossum 
irum (Turn.) J. Ag., longitudinal section of midrib. a, apical cell; 
ow cells around axial thread; c, axial thread; co, cortical cells; e, sur- 
ee ayer of midrib; A. hyphae; p, pericentrals: s, segment. (D after Rosen- 
inge; the rest after Kylin.) 
fronds rib remai H : ; . ` [ 
n d SEN meristematic for some time and forms a relatively wide SC: 
arps Gi Got he elements (co) bounded by a small-celled superficial layer S 
nds. (Al A older ribs (fig. 191 A) the larger cells (co) appear isolated | 


amid a pley 
to Em of narrow branched hyphae (4; (744) p. 60), which appear 


rith cor: |. kene an forage. The veins of the first order develop 1n an ana- 2 
condi? hyere et, While the secondary ones are at best only three- — — = 
ally on} The bran hn 


. C À | i | | 
of hightt Autumn an agaın develop from the pene nu nr 
E winter, and appear to originate from surface-cells. The 

ing is een ake No 
ected as in Mer 


ah äi | 


+76), however, describes instances in which branch: 
tbranoptera. 
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ngs of the parent-frond gradually wear awa 


) 


wi 


starch ((353) P- 41) which decrease as the new blade 


attachment of the young fronds to the P 


hyphae that penetrate into the midrib ((ssg) P 477) 


Fig. 192. A, Delesseria sanguinea Lamour., habit (after New 


noptera alata (Huds.) Stackh., apex of a frond (after Rosenvinge 


rubens (Huds.) Batt., habit (after Taylor). 


The Delesserieae, comprising the genera hitherto cons! 
ion of prominen 


in the axial cells. 


vegetatively from the Nitophylleae in the possess 
apical cells and the absence of intercalary division 
The widely distributed Phycodrys rubens (Huds.) Ba 
though a member of Nitophylleae, shows considera 


to Delesseria. Branching of the cell-rows may take pla 
degree. The main apical cell (fig. 193 A, ac) is not very 1 
& Wood.) Lam: t 


À P. sinuosa (Huds.) Kiitz.; Delesseria sinuosa (Good. 
pl. 259). This has been repeatedly investigated; see (38 
(519) p. 189, (558) p. 467, (oo) p. 113, (742) pP- 30, 51, (74 
Several of the earlier accounts are not altogether accurate 
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midrib (662 P- 445), the cells of which contain [ne th 


arent js stren 


o) p: Di f. 
4) p. 65; 


€ pers 
St 

BE quanti 

S devel; 


ent 
PM | 
B h | 
gthened i 

Ded by 


ton). B, Membra: 
). C, Pain 


dered, difer 


fi 
tt.! (fig. 192 
ble resemble 
lace to t e 
conspicuo 


$2 P: 19). 
(4 tn (62 


(cf. (380 ): 
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division (see the cells marked 2) occurs both in the 


cala ` F 
Esiste and N Se cell-rows. As m FN and Delesseria, it is always ? 
D a, ver cell formed by such division (2, 3, 4; a, 6, c) that retains 
op. Th the a it-connection with the lateral cell-row (sz, s2, 53), 
ened | Retter cells give rise to accessory cell-rows (r in fig, og 
w 


[em] 

D 
oc 
C 


& 
ES 


BIS 
00600, 
etes. 


OCC 
AODa 


00002 
=== 
z t 
Ss 


C)OOoOooaoo 
OW 
C 


O0000Q 
sel), 


Membra- 
Phycodrys Fig, 193. Phycodrys rubens (Huds.) Batt. A, apex of a frond in surface-view; 
An cells of axial strand; sI, s2, s3, apical cells of primary laterals; 
ae SD successive cells of primary laterals; 7, cells formed by inter- 

“Ty division; r, cells of branches arising from these cells. Axial row and 


d, difer 


mm GE shaded. B, longitudinal and C, transverse sections of midrib. 
jal el ep Cort ang: E, older stage. ac, apical cell; ax, axial thread; bl, wing of frond; | 
192 C) P Ed d (in E), attaching disc; m, midrib; p, pericentrals; rh, rhizoids; | 
mblance ndary pit-connection. (D, E after Rosenvinge; the rest after Kylin.) we 
fifth The o 1 ^ ü 
EE Ee intercalary division, with production of accessory 
P d dant ee the detailed structure of the fronds more difficult to 
D ` 
m. 


) p. 9 Th 1 
IB (st of T. lobing of the fronds of Phycodrys (fig. 192 C) is due to outgrowth 


ma ` See Bar 
ty laterals (cf, Membranoptera), while a similar activity on the 
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part of those of the second order results in the Marginal p; 

lobes. There are obvious primary and secondary vn Pinnules g 
the third order are only evident under the Microsco ns, While t T the 


pe. T 

; S I 

193 B, C). Branching takes place from the midrib a i Brel G 
i R 


fronds arise from a robust axis constituted hy 7 older À 
es ally, however, a lobe of the blade dere SR ary nlang 
to a kind of forking. Wille ((744) p. 67) describes the ul and db 
the base of the stalk (midrib), of thread-like runners». ^ Pmen pid 
vals to secondary fronds, many of which remain Ee e Tise at M 

apical cell is also met with in Haraldia (2o3) in whee à 
fronds are monostromatic and without veins. the Vegetatiyg 
In other Nitophylleae apical cells and the constructio 
from a coalescent branch-system are still more diet $ 
Most of the seaweeds in question were formerly SNN À 
e S Uped in Ny; 
phyllum, though many are now referred to distinct ge Nito. 
characterised by marginal branching and the absence All are 
midrib. In its present limits Nitophyllum ((382) P. 69, (396) osa 
species with foliose thalli, in which the older parts ce a 
layers, while the younger are single-layered ; there is sonic a ea 
basal stalk, composed of small regularly arranged cells (fi EU 
Veins are either completely lacking—e.g. the widely deed 2: d 
punctatum ((276) pl. 202)—or occur only at the base of the ie x 
. Bonnemaisonii Grev. (276) pl. 23). In the mature plant there = A 

evident apical cells (fig. 194 H), growth being effected by E = 
well as by irregular intercalary, division just within the margin a 
p. 184). In N. versicolor Harv. ((276) pl. 9) the tips and margins of the 
fronds often display curious thickenings which are suspected of playing 
a rôle in vegetative propagation ((329), (504) p. 228). i 

In Polyneura (fig. 194 A; (12) p. 51, (382) P- 33) and Cryptopleura (fig. 
195 A; (12) p. 60, (382) p. 86) veins form an obvious anastomosing or 
palmate System in the older parts, while in the younger one-layered 
portions they are only recognisable under the microscope. Polyneura 
Gmelini (Grev.) Kyl. (Nitophyllum Gmelini Grev. (276) pl. 235) and 
Cryptopleura lacerata (N. laceratum Grev. (276) pl. 267) are frequent, 
North Temperate, sublittoral forms. In the latter (fig. 195 B, C, s) there 
are evident two-sided apical cells ((479) p. 562, (483) p. 203) which are 
also recognisable in the smaller lobes of Myriogramme ((382) p. 55) in 
which the older parts are several-layered. Younger and older apices of 
Polyneura are shown in fig. 194 B and C. 

Acrosorium ((382) p. 76, (488) p. 26), with delicate, richly lobed fronds 
(fig. 195 D), possesses only microscopic veins. A. uncinatum (J. Ag) 
Kyl. (Nitophyllum uncinatum (Turn.) J. Ag.) is widely distributed 
warmer seas. The frequent A. reptans (Crouan) Kyl. (N. SN 
aroman), With completely prostrate fronds, is probably a stale i 

Yptopleura lacerata ((89) p. 187, (153), (435)). 


distinct 


) p. 2b 
500, (379) P I 


The early development of Delesseriaceae (G29) p: r 
Ceramiales: 


483) p. 185) differs somewhat from that of other 
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NITOPHYLLEAE 


d 
KYI 
SRA 


Rim (Stackh.) Grev.; D, E, early stages in development, 7-3 the suc- 

; G, basal part of older germling; H, apex of mature thallus in 

In Band C 1, 2, 3, etc., cells of the axial row; a, b, c, etc. (sma 

` apical f laterals of first order; 7, cells formed by intercalary as 

after Ni cells; f, adventitious fronds; r, rhizoids. (A after Nott; D, E, 
lenburg; the rest after Kylin.) 


IN 
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Nitophyllum the broadened spore divides , 
1-3) into a row of six cells, the two upperm S , ; 
mature thallus, the top one functioning as an api Whic AN D, 
part of the germling develops into a mainly sac El (a). ye te 
(fig. 194 G), which is attached by numerous rhizoids (o tie ey 
to adventitious fronds (f). The early stades a s(r 


transvers 


n 

Dog 
p. Sum 
According + Ci Me 


ular as described by ne 
Nien. 


segmentation is in neither instance as reg 


—— c t c. c 


e 


Fig. 195. A-C, Cryptopleura lacerata (Gmel.) Kütz.; A, part of a frond, 
showing the veins; B, C, marginal parts of fronds. D, Acrosorium venulosun 
(Zanard.) Kyl., part of frond. r—3, cells of axial row; a-c, cells of primary 
laterals; 7, cells formed by intercalary division; p, procarps; s, apical al 
v, veins. (All after Kylin.) 


burg. The apical cell of Nitophyllum soon ceases to function as th 
apex broadens and marginal growth sets in. De. ung 
The germling of Phycodrys (eg pp. 466, 471) ie ^ d 
Nitophyllum, consisting of a one-layered expanse devoid ofa fir 
and showing plentiful intercalary division (fig. 193 Dj; d oe 
fronds (fig. 193 E, m) arise adventitiously from its stalk. d Ge 
Plants of Delesseria sanguinea ((ss8) p. 478), on the other ee entitious 
distinct midrib, but at an early stage again produce ` Zeng 
fronds from the basal stalk. The discoid attachments of De“, 


Iticellulat 
(fig. 193 E, d) consist of numerous, closely compacted mu 
rhizoids. 
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539 
of a certain gradation, the contrast presented by the ex- 
bers of Delesserieae and Nitophylleae is evident from a 
f Hypoglossum and Nitophyllum. Both, in their re- 
appear highly specialised, and their relation to one 


In spite 
em 


m 
json O 


ive WAYS) ; 3 3 ; 
ect! is not clear. A study of the early development in a wide range 
another ight help to elucidate it.! 


sml S i o 
The Delesseriaceae also include several genera with a net-like 


That of Claudea (@) p. 1272, (3), (5) p. 27, (268), (71) P- 145, 
s a network with rectangular meshes and constituted 
(o). arrow fronds, which are placed edgewise and perpen- 
IE to one another (fig. 196 A); they have much the same structure 
dict Hypoglossum. The diverse parts of the reticulum originate by 
D Zo branching from the adaxial surface of the midrib of the next 
m generation (fig. 196 B). The secondary fronds (sbr) arising 
Pa the primary one grow to a considerable length, while the tertiary 
ones (18) usually consist of only 5-8 segments and become joined at 
their tips (2) to the lower surface of the secondary blade (sb2) im- 
mediately above. The secondary fronds thus form the long bars and 
the tertiary ones the perpendicular cross-bars of the net. 


The base of the primary frond soon becomes invested by a thick 
cortex and constitutes a stalk. The primary and secondary blades 
develop a cortex over their entire surface, while in the tertiary ones, 
except in fertile plants, only the midrib is corticated. Claudea differs 
from other Delesserieae in the fact that two pericentrals, situated one in 
front of the other (fig. 196 B, vp T, vp2), are cut off successively on the 
adaxial (ventral) side of the segments, the larger posterior one (vp2) 
growing out into a daughter-blade (tb). Between the apical cells (a) of 
the tertiary blades (tb) and the dorsal pericentrals (dp) of the secondary 
blade (sb2) upon which they abut, secondary pit-connections (pi) are 
established; later other connections are formed. Enlargement of the 
cells results in increase in size of the meshes of the net (cf. the lower 
part of fig. 196 B), but growth of the primary and secondary blades 
terminates after they have reached a certain length. Occasional tertiary 
blades, however, develop vigorously and produce quaternary blades 
pu become linked with the dorsal surface of the blade immediately 
mE ma results in forking and, since secondary fronds develop also 
Ge SS of the stalk, older plants may exhibit considerable 
eat GG A). e nets are attached both basally and at other 

rhizoids. 

pus is widely distributed in South India and Ceylon, while 
sessile Gate fae (@77) pl. I) is apparently confined to Australia. The 
recorded a thalli of Vanvoorstia (@) p. 1268, (71) p. 144, (508) p. 31), 
in essentia various parts of the Indian Ocean and Japan, are formed 
; Y the same way (cf. fig. 196 C), but more numerous branch- 


Rs occu 
"and all the fronds remain uncorticated. Papenfuss regards 


The e 
a y >) D D CG 
P. 720, finity of Delesseriaceae with other Ceramiales is discussed on 
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To FLORIDEAE (VEGETATIVE SYSTEM) 
m 


a as closely related to Caloglossa. Asi ilar reg; 
he Japanese Implicaria (299), but hen m late thallu 
CCessive 
terete 


these gener 
is found in the 
axes produce pinna 


tely arranged branches. 


Fig. 196. A, B, Claudea multifida Harv.; A, habit; B, optical median longi- 
tudinal section of a secondary blade (sb 1) showing the origin of tertiary blades 
(tb), the fusion with the adjacent secondary blade (sb2) and the early stages m 
the formation of the interstices of the net. a, apical cells; c, axial cells o 
secondary blades; dp, dorsal pericentrals; pi, secondary Pilz Con 
s, segment; tb, tertiary blades; vp, vp2, ventral pericentrals. C, Van 
spectabilis Harv., portion of thallus. (All after Papenfuss.) 


À different type of reticulate thallus is found among Nitophylle? 
from Sout 


in the genus Martensia, species of which are known en) 
Africa, India, and Australia (@) p. 825, (so) P- 348, (271) P: GC 
pl 8, (663). The lower, first formed, part of the thallus LS p () 
here a continuous expanse,! which is sometimes stalked er t 

` The early development of the adventitious shoots, which dE 
basal parts of older plants, follows much the same sequence as abundant i 
the primary apical growth becomes altogether obscured as P 
calary division sets in. : 
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t (fig. 197 A, C) is constituted by a network (n) of 
| hie he older p E (fig. 197 E) consists of radiating lamellae 
cla diet E numerous tangential connections (c). The lamellae 

Crete i ine 


p jon 


UU 


OX 


n longi- 
y blades 


tages in 

cells of Ro IPS DENS 

rection; ae Martensia fragilis Harv. A, habit showing folded thallus. B, young 
voorslia in tutfiecview vee with net-formation commencing. D, edge of thallus 


showing commencement of formation of longitudinal 


» the same at a later stage showing development of cross- 


lamellae (I). E 
Connections c). E 


blo &ntial!cro transverse (tangential) section in region of net. c, tan- 
South Viele, connections between the lamellae; /, lamellae; m, entire margin 
5, en yest $6 secondary connections. (All after Svedelius.) 

y7 B)5 Onginate just beh; d 

of abundant. m und the edge of the young thallus (fig. 197 D) by 
‘om the Marginal cells onl eee intercalary division of the intra- 
s marginal cells (m) ua Separation of the rows (/) thus formed; the 
| , 


Owever, remain in contact and divide to form the 


fral-laye 
Ted edge of the net (fig. 197 E, m). The cells of the sepa- 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


FLORIDEAE (VEGETATIVE SYSTEM) 


542 


e v. BO 
Fig. 198. A-O, Q, R, Polysiphonia; A, P. nigrescens (Huds) GE GRP. 
H-M, P. violacea (Roth) Grev.; D, F, P. variegata (C: Ag) spiralis Batten 
fastigiata (Roth) Grev.; N, O, P. Brodiaei Grev:; Q, SC 
A, habit; B, development of lateral of unlimited growth 9. older bran 
iv, v, vi, branches; T, 2, 3, etc., cells of main axis of branc thes; E diaga 
(br) on trichoblast (t); D, apex showing curvature of br entation; ] n i 
to show branch-formation (in a Bostrychia); F, apical seg? H-M, trans 
verse section showing developing tetrasporangium (9; 


= 
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Phe margin divide parallel to the surface to produce 
a in eh remain monostromatic, except at their edges 
amellae, M ss-connections (fig. 197 E, c) are formed between 
ab by the outgrowth of processes which fuse and 
| (ig dii Jamellae consist of several rows of cells (fig. 197 F, c). The 


C o 2 

d e arise successively, the later-formed ones about 
" nnections the earlier ones. The older nets often exhibit 
d betwee! 

yay 


dän ^p the cross-connections, which may thus become linked 

Be gr a) 

with 0 «on may commence early (M. flabelliformis Harv.) or only 
Net fora. fragilis, M. denticulata Harv. (@77) pl. 127). In M. 
„ra later stage A) the numerous lobes exhibit a cornet-like inrolling, 
(agli (fig. 197 tions of adjacent fronds become firmly joined by 


; ire por : j 
while the c P compact cushions are formed. In M. denticulata 
ee J. G. Ag. belts of compact and ‘reticulate tissue 
and M- ; 
alternate. 


(c) Rhodomelaceae 


The members of this large family, monographed by Falkenberg (192), 
diowa varied and in part complex morphology. All are characterised 
bythe basic polysiphonous structure, as well as by the usual produc- 
tion of laterals of two different types (ordinary branches and tricho- 
pasts). Unicellular hairs are lacking ((558) p. 463). 


(i) Rhodomelaceae with Radial Construction 


Polysiponteae and Lophothalieae. Polysiphonia,! readily recognised 
by the arrangement of its cells in tiers, illustrates all the main features 
ofthe family. Brongniartella? is essentially similar. The dome-shaped 
apical cell (fig. 198 F, a) forms a single series of segments ; those which 
produce laterals (7) are larger than the others and are cut off by oblique 
"KI As in all Rhodomelaceae (cf. figs. 200 B; 207 B), the initial of 
tle lateral is cut off on the higher side before the segment divides 
longitudinally into central and pericentral cells (cf. fig. 198 I, iii). 


1 
c Gs), (192) p. 111, (350) p. 102, (473), (549), (558) p. 406, (750), (780). 
nan m P- 542, (350) p. 106, (547) p. 22, (549) p. 33, (558) D. 445, (592) 


1 
S 3 
590/092) P. 38, (380) p. 116, (399), (647) P- 10, (549), (556), p- 550 (719). 


Sectio; s = 
0 ee Be segments (1-6) showing sequence of formation 
Verse section ae D 2a P3, p4) and of trichoblasts (iit, iv, v, etc.); N, trans- 
showing spirally E d and O, of a younger thread; Q, small part of thread 
Batten: P, tongniartelja ed Pericentrals; R, scheme of pericentral-formation. 
det U); 41 apical cel. p 9550ides (Good. & Wood.) Schmitz, part of shoot-system. 
- branch fi axial cells: Gm asal cell of trichoblast; br, branches of unlimited growth; 
danz" ft CE of main ee hy, hyphae; l, segment which will form a lateral; 
Pa Taylor: Gre Pericentrals; pi, pit-connections; r, t, trichoblasts. 

berg: N, Our er Boergesen; D, F after Berthold; E, G, P, R after 


; o 2 
PRIORES Rosenvinge; Q after Batten; the rest after Rosenberg.) 
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The laterals (fig. 198 H-M, ü-vii; here trichobla 
formed in spiral succession (556, 607). According SE cf. coy 
p. 6) the nucleus moves to the side on which the lat OSenvine late 
fore the segment is separated from the apical cel] ae Wi 
septum originates on the opposite side. The lat Le the inp... 
often exhibit temporary curvatures towards one o 
(37) p. 623, (192) P. 43). : 

The mode of formation of the pericentrals is disti 
Rhodomelaceae. They invariably develop Success vehe c 
91-p4; R), the first one being cut off beneath the de 
there is commonly a subsequent displacement to the icc although 
tion of the spiral (cf. fig. 198 L, M) so that the lata tin the dire. 
another pericentral or located between two of dim Appears aboye 
which produce no laterals, the first-formed pericentral fe Segments 
same position as in the next upper segment bearing a pate the 
number of pericentrals varies between 4 and 20 and js a eral. The 
stant, especially in species with few pericentrals. When eae con. 
(P. violacea, fig. 198 K-M ; P. elongata), the second (p2)and ds four 
are cut off on either side of the first, and the fourth (2.1) on m (b3) 
opposite to the lateral; when they are more numerous (EE 
in the sequence shown in fig. 198 R. » De develop 

The pericentrals of Polysiphonia and Brongniartella (fig. 198 P) 
occupy the whole length of the segment and are usually broader than 
the central cell (fig. 198 G, O), which shimmers through the enveloping 
"siphons". They are homologous with the primary cortical cells of 
Ceramium (p. 527) and represent potential branches; in Chondria 
(p. 556), in fact, they lengthen to form the elongate laterals composing 
the thallus. Primary pit-connections occur only between successive 
central cells and between the latter and their pericentrals (fig. 1986, 
O, pi). Secondary connections (een) are later formed between.over- 
lying pericentrals (cf. p. 449 and fig. 147 C) and in some species 
(P. elongata) several may develop (sent pp. 416, 465). The centri 
cells usually remain uninucleate. — : 

: In many species the erect threads produce laterals of two kinds, 
viz. some which are polysiphonous like the parent axis and some 
which develop into branched, uniseriate structures of limited growth, 
usually deciduous at an early, stage (fig. 198 B, C, !). ‘The latter are ts 
trichoblasts! ((102) p. 62, (s57) p- 440, (558) p. 462) found in manj 
Rhodomelaceae. They are ordinarily composed of con 
containing small leucoplasts,? but in Brongniartella (fig. 198 ) 
cells of the long-lived trichoblasts (t) contain chromatophores 
t Haartriebe d 


) 


ls and 
Nother ( fy. 


À "Leaves" of Falkenberg and others; ‘‘hair-shoots”’ ( 


Oltmanns. oral, 

Rosenvinge ((s57) p. 446, (558) p. 463) records chromatophoï ered in 
Tose colour in the trichoblasts of individuals of Polysiphoma € 
Spring or from considerable depths. 
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nt rôle in photosynthesis ((ss7) p. 469). Although 

d E fulfil vegetative functions only, they usually 

e tric s (p. 701) and in some species of Polysiphonia 

e sex Enr) Grev.; P. fastigiata) such fertile trichoblasts 
lata (EEE present ((ss7) P- 449)- : 

the a first, each segment of the trichoblast generally 

m the A 198 P) which often develops as vigorously as 

d resulting in pseudo-dichotomous branching. In 

Dod Brongniartella the trichoblasts are disposed in a 

Dee invariably turns to the left (fig. 198 H-L) and 

f the trichoblast (7 in fig. 198 J) is always situated on 

ide (i.e. to the right, cf. (s49,550)). Trichoblasts are either 

P. considerable parts of the plant or restricted to certain 

r morphological status and function are considered 


t branch 0 


les the regions. ) 
il. The below (p. 549” lysiphonous branches either arise direct (fig. 198 


P ordinary PO $ 5 " 
ly con. The uccession from the parent-axis, replacing one of 


in spiral s 
d se when these are present, or they originate from the 
he A à per surface of the basal segment of a trichoblast. The former con- 
velo ur is seen in P. urceolata, P. elongata, P: nigrescens, etc. In the 
basal segment of the branch the first pericentral is formed abaxially, 

198 P) above the first-formed one of the parent-segment, but the production 
er than of pericentrals is suppressed on the opposite side, where the branch- 
loping segment is in contact with the axis ((s47) p. 11, (549) p. 25). The supra- 
sells of basal segment, which bears no lateral, has the normal number of 
jondria pericentrals with the same orientation. 
posing The origin of branches from trichoblasts ((141) p. 127, (350) p. 102, 
cessive 49) p. 36, (ss7) p. 467) is more frequent. In Polysiphonia (P. decipiens, 
198 G, P.violacea, P. Brodtaei, etc.) they arise almost simultaneously with the 
am parent-trichoblast (fig. 198 B, C, br), whereas in Brongniartella (fig. 
species 198 P, br) they only develop when the latter is almost mature. In 
central a Polysiphonia the basal segment of the few-celled trichoblast puts out 

i è protrusion which is cut off by an oblique septum and becomes the 
kinds, id cell of the branch. After this has undergone a number of 
i E the basal segment of the trichoblast (fig. 198 B, b) cuts off 
rete eee rus (Pr, p2) abaxially, to right and left of the median 
many Unt d: SC a third pericentral is formed (P. Brodiaei (s47) p. 18) 
; cell anch itself commences to form trichoblasts (fig. 198 B), 


e i A B D . D 
p) the GE (PZ) of its segments lie in a straight line with the 


s and Uring the furt 


mol : : 

S growth Fr omes displaced so that the former appears as a direct 

a light obviously a = the main axis. In origin the branch is, however, 

Ge Cannot justifiable a outgrowth of the trichoblast-rudiment, and it 
to 


the tichobla 2° interpreted as axillary (cf. (192) p. 65, (359) p. 100) 


Fail 
36 
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The normal acropetally formed branches ae ) 
mented by adventitious ones which originate fro Sometimes Gn 
trichoblasts that have been shed; this is the PUT the basa] e 
p. 424). Adventitious branches may also arise in dE Yolaceg (t 
in which the normal branches are not formed o IS Way in Sed 
Thus, according to Rosenvinge ((ss8) p. 416), thes trích 
elongata that appear in spring originate partly from th W shoots of i 
axes of the previous season and partly from the b © remains Of the 
trichoblasts, and the same is recorded for p. — D hi 
(4), (549) p. 3). Rosenvinge suggests that the none (lioa) a 
tion on trichoblasts has resulted from this tendenc branch ec, 
titious branches upon them (cf. also (s47) P. 16). Y to form adven. 

In many Polysiphonias (P. urceolata, P. nigrescens 
Brongniartella, some of the polysiphonous axes cree }, as well as i 
stratum ((25) p. 276, (192) p. 129, (357) p. 253, (s49) p. NT the sub. 
which they are firmly anchored by thick-walled SENS P: 407) to 
unicellular rhizoids arising from the peripheral als Gow lobed, 
The creeping branches, which constitute a means of nee 199 I, 7), 
p. 51), lack trichoblasts and are secondary in origin ia (on 
genously from the central cells at the base of the prima = 2 
They likewise branch endogenously, some of the pends MES 
prostrate, while others grow erect; erect shoots are also SLE 
the upturned tips of the creeping axes. The part of the branch within 
the parent-axis remains monosiphonous and pushes its way E 
the pericentrals without causing any disorganisation. The endogenous 
branching of the prostrate shoots contrasts with the exogenous origin 
of the laterals on the erect ones. Other species (P. elongata, P. 
violacea) lack this system of creeping threads and are merely attached 
by rhizoids emanating from the lower cells of the erect axes; these 
sometimes combine to form a massive disc (fig. 199 J, 7). 

In Brongniartella and some Polysiphonias (P. urceolata, P. fasti- 
giata) the pericentrals remain undivided, but in P. violacea for in- 
Stance, as in many other Rhodomelaceae,! they segment by periclinal 
and anticlinal walls (fig. 206 E) to form a parenchymatous cortex (co) 
of more or less numerous layers ((192) p. 30), whereby the original tier 
like structure is obscured. The cells of successive layers generaly 
MUI both in length and width and in the mature thallus x 
superficial layer may be small-celled (fig. 206 D, E). Such a 
formation is actually equivalent to the production of branched i : 
rows, as 1s evident from the disposition of the pit-connections. o 
lying cortical cells bécome connected by secondary pits (658) p AN 


pars 2 in few 
Cortication by means of septate threads is met with SE hey 
1), where t 


Polysiphonias. In P. Brodiaei (G92) p. 34, (558) p. 43 they 
originate from cells cut off in the lower angles of the pe 


ricentrals, 


[opio 
= The process is described in detail by Ambronn ((15) P- 172) for Ha 7 
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naining 
:d from 
| within 
vet ween 
genous 
S origin 
ata, P. 
ttached 
j; these 


. fasii- 
for in- 
riclinal 
tex (co) 
al tier- 
nerally 
lus the 
cortex 
d cell: " 
5 IB. 100. A " 

E Plan dann Polysiphonia fastigrata (Roth) Grev.; A, plants on Asco- 
). 405 ling, F, ostrychi » Ower part of a young plant; C, D, older stages; E, germ- 
in few uh two se look: & Harv., diagram of longitudinal section 
they maton triquetrum (Gmel > Bez simplex (Wulf.) Ag., habit. H, Bryo- 
s, they » iu attachment SD ie part of a plant. I, Polysiphonia urceolata 

ae cre) Be ee ee 
pithy Alter Falken, 7, thizoids, (A, I, J "after Been BE he ae 


erg; Pelee 
278; G after Kützing; H after Boergesen.) 
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) 
ine to form a thick cortex (fig. 198 N aN 

en of hyphae (hy) between the central N here there is al 
such are likewise recorded in P. elongata ((192) = ed? Keck 
P. violacea ((s+) p. 87, (192) p. 116). » (49) p. à ang 

The germlings of Polysiphonia ((129) p. 493, (173) ang 
(558) p. 464, (695) p. I1, (699) p. 152) and Brongniartella (> my) Pr 
p: 492, (558) P- 449) are of the usual type (fig. 199 E T 15) p, 106, fe 
centrals commences early, although a few of the baer mation o i 
remain undivided. Older plants are attached by à M m b 
rhizoids which unite to form a disc. umber 9 

Species of Polysiphonia are abundant on nor 
littoral and sublittoral regions. Frequent e 
urceolata ((276) SE E elongate tufts 
Laminaria, and P. fastigiata (fig. 199 A; (276) pl. E. 
brown tufts of which are found on SE EH reddish. 
on Fucus ((142) p. 138, (568) p. 214); the former has 4 the eo 
12-24 pericentrals. ) atter from 

The germlings of P. fastigiata are usually found w 
which the branches of Ascophyllum origin'ate (G5) p. 277, (s 
p. 219), and the primary rhizoid (fig. 199 B, E, 7) Ee a a 
medulla without causing any deformation. The Pericentrals 2 E 
lowest tier produce short hyphae (Ay) which grow into the thick ad 
brane of the rhizoid and envelop the part external to the host, while 3 
an early stage the central cell gives rise to one or two horizontal runners 
(fig. 199 B-D, br) which develop further rhizoids (r) providing for add. 
tional anchorage. At these points other erect axes, Producing secondary 
endogenous runners, may originate and, since this may be repeated 


S bo 
COrticate Specie 
c 0 À 

Salon SPiphytic on 


ithin the Pits, from 


again and again, P. fastigiata spreads over its host like a Rhizopus. All of thi 
the rhizoids becor.1e corticated in the same way as the first. P. fastigiata logic 
is usually spokes: of as a parasite but, although some of the host-cell duce 
are killed and the fucosan-content is diminished near the rhizoids, there whict 
is no evidence of actual absorption of nutriment. Rattray ((s33) p. 212) i tome 
has recorded its occurrence on stones. branc 

P. elongata ((276) pl. 292), a lithophyte reaching a length of 30 em, 7 (Hn 
is a widely distributed perennial corticate species with 4 pericentris the le 


and abundant trichoblasts. Other frequent corticate forms are P. fi. 2 
Brodiaei ((276) pl. 195) with 6-8, and P. nigrescens (fig. 198 A) with up basal 


to 20 pericentrals ((426) p. 108); the former favours rough water. B: Sd 
annual P. variegata ((276) pl. 155), with 6 pericentrals, often blasts 
polluted water near estuaries, being abundant at Venice (092) P a the d 
and frequent on the roots of Mangroves Usel p. 269). In Hs Speci 

nd the same € 


p. 287) the 4 pericentrals are spirally twisted (fig. 198 oe d P. nigra 
feature is encountered (658) p. 437) in the dark-coloured 4 
(Huds.) Batt. (P. atrorubescens Grev. (276) pl. 172): _ d. & Wood) 
Brongniartella byssoides (Polysiphonia byssoides (Coo 
Grev. (76) pl. 284), with 5-7 pericentrals and EN aan 
branching (fig. 198 P), occurs near low-tide level and in RE al ET 
In a number of southern Polysiphonias, all with 4 Pee es limit 
P. hystrix Hook. et Harv. (270) pl. 14), certain of the later#® 


t distichous 
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a trichoblasts ((192) p. 138). Such dwarf-shoots are 

ndalon® ^ e Bryothamnion (@) p. 846, (se) p. 282, (192) p. 172, 

istic O f which inhabit the warmer Atlantic. Here 

22), dic which are produced on often reduced tricho- 

pran SC spine-like decurrent structures (fig. 199 H, br). 
ear as S ss a parenchymatous cortex. 


the species © 


e (50. 
er seas (fig. 19 


a Is o 

hing, "able in m Stegen into medulla and cortex, stated to arise 
are p es hl St from the fusion of, and subsequent cell-division in, the 
Ytic on (ue) P^ 2 ‘of the laterals. 
eddish. pasal P n rgia ((47) P- 199 (so) p. 331, (54) p. 139, (192) p. 688, (569) p. 19), 
sionally Falken f doubtful position and possibly only a stage in the life-cycle 
T from a genus 0 sis (p. 627), is distinguished by the possession of vesicular 

of Asparagop centrals, as well as by the origin of the branches 


alls and of only 3 peri 


8, from ) from the middle of the youngest pericentral of a segment. 


o), (st (ig. 219 6 e X : f 

nto the The Lophothalieae, including, apart from Brongniartella, the 
of the australian genera Lophothalia ((192) p. 534, (s92) p. 218) and Doxodasya 
mem. (wp. 538), as well as Murrayella (60) P- 314, (192) p. 563, (527) p. 78, 
hile at ig) p. 227) and the Antarctic Pteronia ((192):p. 560, (405) p. 54), re- 
ae wmble Polysiphonia in their genéral radial construction. Murrayella 
nis ericlados (Ag.) Schmitz (Bostrychia tuomeyi Harv. (272) p. 58) com- 
peated nonly grows on the roots of mangroves ((48) p. 47). Several members 
us. All ofthis tribe show features of special interest in relation to the morpho- 
tigiata logical status of the trichoblasts. The majority of the segments pro- 
it-cell duce unbranched, uniseriate laterals (fig. 200 B, C, t), the few cells of 
„there which contain chromatophores; some of the basal segments may be- 
20 come polysiphonous. In Lophothalia and Murrayella the occasional 


ia branches replace one of these laterals, but in Doxodasya bulbochaete 
Sen EN Falkenb.! and in Preronia they arise from a basal segment of 
9 e latter. Lophothalia and Doxodasya exhibit cortication (cf. also 
ith up d 200 A), the cortical threads in the latter partly arising from the 
The sil cells of the uniseriate laterals. 


habits ECH tegarded the uniseriate laterals of these genera as tricho- 
; P the dey e the other hand, their tendency to become polysiphonous, 
Le species ES TEE of identical structures adventitiously in certain 
nie Leien Del (L. verticillata), and the origin of cortical 

ih trchoblasts ae in Doxodasya—respects in which they differ from 
food) tt to int of other Rhodomelaceae—led F alkenberg (posi p. 66) 
chous te nod erpret them as arrested branches. Trichoblasts, which 


ri 
bz, V^ 
mit 


+, COUDE st : - 5 
‘dered to p GE modified for special functions, must be con- 
1 


0 De : F t 

asya bulb PR Le with the ordinary polysiphonous laterals of 
b] 

Sa sub ctaete Harv, (270) pl. 25). Schmitz (592) places Doxodasya 


Benus of d 
me of L : 
thod of branch; b hothalia and, since the only essential difference lies in the 
ng, this is perhaps warranted. 
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a Polysiphonia, etc. Lophothalia and Do 
crise! types in which the morphological dis ^ wod 
the two kinds of laterals is not yet fully Seen 

of the trichoblasts, and the presence of Sin ed. T 
in many Lophothaheae,! proe Our regardin | 
as a primitive group among Rhodomelaceae- 
Polysiphonieae directly from them by way SN Pme) | Re 

The origin of polysiphonous branches EOM n 

Brongniartella, many Polysiphonias, and other 
probably a secondary condition ((47) p. 15, 
been determined by nutritive relations, In y 
tween the two types of laterals and the tende 


STEM) 


the tric 
Rhodomel 


(ah. à RAIN, 


Fig: 200. À, Lophocladia trichoclados (C. Ag.) Schmitz, small part of a thread. 
B-D, Lophothalia verticillata (Harv.) Kiitz.; B, apex of thallus showing the 
simple trichoblasts; C, older part with sporangia (sp); D, transverse section 
ofa branch with sporangia. a, apical cell; hy, cortical threads; p, pericentrals; 
t, trichoblasts. (A after Boergesen; the rest after Falkenberg.) 


development of laterals of unlimited growth to the basal cells of thos 
of limited growth among the less specialised Florideae EE 
Batrachospermum), there is nothing remarkable in this condition. + - 
outgrowth, originating the polysiphonous branch, normally Se 
from the basal segment of the trichoblast, which only GE oly- L o 
circumstances produces a lateral and .only then develops * ; i 


siphons 

1 This is also so in the West Indian Lophocladia trichoclados Cas ho- 

lophoclados Kütz.; Dasya lophoclados Mont. (272) P: 65; Lophalte endo- 

clados J. Ag), which is distinguished from other Lophothaliet ¢ ez p.395 | 

genous and adventitious origin of the polysiphonous branches © the place of 

(192) P- 552, (592) p. 222), although in other species some tal 
trichoblasts; cf. also Wrightiella (p. 746). 
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ture. The degree of specialisation renders the un- 
ys struc ourse of evolution difficult. 
of tht (67 P- 677) that the trichoblasts constitute a pro- 
old's VIE nse illumination has not met with much support. 


ving | 
E that they aid H: 
Pi rôle in respiratio 
P lar hairs of ot nea i 
fe mo opinion exe. (p. 450). Their frequent restriction to young 
on relation to branch-formation, and above all their 


Pi ; 

Ca ees A, B. tenella (Vahl) J. Ag., habit. B, B. scorpioides 

Toe ento apical Part of thallus. C, B. Moritziana Ag. and D, B. 
» tips of branches showing rhizoid development. E, B. radicans 


Mont part of 
d a plant. h, haptera. 2 : 
after Goebel; DNE e ster n Boergesen; B after Ambronn; 


tusto, utilisat; = 
re ilisation for the production of sexual organs, all speak in 


ees nvinge’s views. 
Wenn ae Rhodomeleae. Some modification of the Poly- 
m Barbie (a) p ined with a marked dorsiventral tendency, is seen 
50b. 4), the P- 851, Go) p. 63, (15) P: 193,1 (so) p. 300, (192) p. 504, 
Ping; po „ PCES Of which favour brackish water. Several (e.g. 


a, g. 201 A à SE 
; B. Moritziana Ag.) are characteristic components 


As Hor 
Bay elicothamn; 
leg > = 
cht: being a Vie The older name Amphibia is not in use, 
onservandum. 
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a Polysiphonia, etc. Lophothalia and Doxod 
generalised types in which the morphological TUM Woul 
the two kinds of laterals is not yet sully established 


of the trichoblasts, and the presence of 


STEM) 


entiati i 
Sum, ox ay 
chromato ho E 


garding the latter eit ce, | tect 


the trichoblastg ; 


th : 

3 Arben is 5 

as | 

of the homely 1 
transfer the Seat of 


Fe me, 


Gh WW fay, 


Fig. 200. A, Lophocladia trichoclados (C. Ag.) Schmitz, small part of a thread. 
B-D, Lophothalia verticillata (Harv.) Kiitz.; B, apex of thallus showing the 
simple trichoblasts; C, older part with sporangia (sp); D, transverse section 
ofa branch with sporangia. a, apical cell; hy, cortical threads; p, pericentrals; 
t, trichoblasts. (A after Boergesen; the rest after Falkenberg.) 


development of laterals of unlimited growth to the basal cells of toe | oan 
of limited growth among the less specialised Florideae (ee 
Batrachospermum), there is nothing remarkable in this condition. ` Ge 
outgrowth, originating the polysiphonous branch, normally n avou 
from the basal segment of the trichoblast, which only under a a 
circumstances produces a lateral and only then develops * P a 


‚siphonld 
1 This is also so in the West Indian Lophocladia trichoclados te dd ol 
lophoclados Kütz.; Dasya lophoclados Mont. (272) p- 65; et, e end ‘le 
clados J, Ag.), which is distinguished from other Lophothaliea’ 2 et p.» | 
genous and adventitious origin of the polysiphonous branches the placè A 
(192) D. 552, (s92) p. 222), although in other species some H" dr 


trichoblasts; cf, also Wrightiella (p. 746). 
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re. The degree of specialisation renders the un- 


then a | gis Pe course of evolution difficult. 

Beh, | peling Ve view ((37) P- 677) that the trichoblasts constitute a pro- 
sten, erthol Inst intense illumination has not met with much support. 
Dro, L wf DR pnd others (192) P- 70, (503) p. 390, (557) p. 448) are of the 
DEM get tthey aid in the absorption of nutriment and possibly also 
ves th oda S respiration. Functionally they no doubt replace the 
b E d pairs of other Florideae, as to whose rôle the same dif- 
lasts i will inion exist (P- 450). T heir frequent restriction to young 
aceae jg ferences non relation to branch-formation, and above all their 
perhaps parts, their 


ving the 
: section 
entr (Cac Bostryehi, À, B. tenella (Vahl) J. Ag., habit. B, B. scorpioides 
Hooke ne» apical part of thallus. C, B. Moritziana Ag. and D, B. 

IY» tips of branches showing rhizoid development. E, B. radicans 


yf those «b part of a plant. h, hapt " 5 
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| pol "lon. ee Rhodomeleae. Some modification of the Poly- 
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of the vegetation on the roots of the Mangrove-co 
estuaries (48) p. 45, (684), (687) p. 653, (774). B. se 
(276) pl. 48) is frequent = en Salt marsh 
. 207, (101) p. 191, (142) p. 78), while B. riyylar; 352 
Es EN similar habitats in Atlantic Non IE Do 
p- 375): B. Moritziana has been found (Ga8) P. 43 merica p 
Podostemaceae, in cataracts of the Amakura (Bát Trei With 
above the estuarine region. 5^ Guiana) i 
Part of the thallus is usually prostrate, while t 
commonly curved with the concavity towards the substr 
E), being sometimes (B. scorpioides, fig. 201 B) even s al 
The laterals, many of which are of limited growth E ally. inrolled, 
tudinal rows, inserted on opposite sides of the Er x nae longi. 
calliptera Mont. and in B. tenella (fig. 201 A), but Nearer ones B. 
line in most of the prostrate forms (e.g. D. radicans fig = € dorsal 
degree of branching varies greatly. Trichoblasts en E); the 
The number of pericentrals is 6--10 in the older parts um 
dwindles to 4 in the younger (cf. íg. 201 B); in most species des 
segments remain undivided. Bos?: ychia and its immediate allies E 
characterised by the fact that the pericentral cells undergo AERE 
division, usually into 2 (B. scorpioides), but sometimes into 4-6 (eg 
B. Hookeri, B. Vaga, fig. 199 F) cells; the lowest member of the row 
thus formed retains the pit-connection with the central cell. Subse- 
quently a parenchymatous cortex (co) is commonly produced, while 
cortication by threads is reported in B. calliptera. Attachment of the 
creeping axes is effected by haptera (fig. 201 E, A), formed by out- 
growth of a group of cortical cells, usually opposite an erect branch. 
Haptera also commonly develop at the ends of special unbranched 
laterals (fig. 201 A, h; (248) p. 442) which become parenchymatous to 
the tips (fig. 201 C, D) and bend over towards the substratum. The 
early stages ((129) p. 495) resemble those of Polysiphonia. 
Horizontal division of the pericentrals is likewise seen in Rhodomela 
and Odonthalia (Rhodomeleae), two widely distributed perennial 
lithophytes found in the colder seas of the Northern Hemisphert; 
they also exhibit other signs of specialisation. In Rhodomela ales 
(Woodw.) C. Ag.? (@76) pl. 264), with a richly branched ae 
thallus, each segment of the apical cell produces either a trichobla 
or an ordinary branch (G92) p. 593, (371) P- 36, (558) P: 45 
cessive laterals lying on a spiral of about 1/4 which usually 
left (fig. 202 B), but occasionally to the right ((s47) p: 28 6 
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5 nity intro. 
Orpioides (fp bii 
es ((96) -2013 


he growing apices ar 
t 


3 


ES 


=) css 


1), the suc- 
turns to the 
56) P: 400, 


‘hile the 
1 Placed as a synonym of B. radicans Mont. by Post ((s27) P- De 
B. rivularis of Australia ((277) pl. 176 B) is made the type of a 
B. tenuis (Harv.) Post. berg (192) P: 59) 
* R. virgata Kjellm. (G43) p. 110) is regarded by Falken fof which B 
and Rosenvinge ((58) p. 453) as a deep-water form © R. su 
found between tide-levels (cf. however (369) P- 147): 
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8) D. . The ultimate branches bear tr: 
un, develop as in Polysiphonia (fg. sone only, T 
displacement. The trichoblasts, which are shed ) 
contain pigmented chromatophores and, un a 
Rhodomelaceae, do not bear the sex organs. A e tho 
are occasionally formed from cells of the cone ventiti 

Each pericentral divides horizontally, the upperm 
here retaining the pit-connection with the ET Se end 
while the lowest becomes linked by secondary el fig. 

p. 596) with the pericentrals of the underlying scam SM 
The cells of the primary rows cut off (fig. 202 E, DM (fip. ı | 
cells (co), each of which again divides horizontally (i erof corti] 
This process is repeated so that a little way behind ed 

—7-layered cortex with small peripheral cells, and th 
structure is obscured. 

The radially organised fronds, which arise from 
disc, develop mainly in winter and spring. Consid 
the plant perish in autumn, only a few of the main axes ersisti 
from them new shoots arise in the next season ((s16) p. A x i 
from arrested rudiments formed in the previous year (iso à Hi 
The young plants are erect ((ss8) p. 458). + $91) 


No | 
SCH Stage | 
a 
Moy $ 
Ous branch | 


à Parenchymatgıy 
erable portions of ` 


Odonthalia dentata* ((192) p. 601, (276) pl. 34, (397) p. 6 (588) p. 4s 

2 Ze 9 i ’ + 459, 

(742) p. 30, (744) p. 69), distinguished by its flattened, distichously 
branched fronds (fig. 202 A, H), forms no ttichoblasts. Of the 4 peri- 
centrals, the 2 situated on the future flat faces of the fronds (fig. 2021, 
Ip) almost immediately segment longitudinally (rarely transversely, s 
in the lower part of fig. 202 I), while the other 2 undergo a singk 
horizontal division (see the places marked *). Tangential division, 
usually more rapid on one side (fig. 202 J), initiates the wings, while the 
products of the median pericentrals undergo less extensive division to 
form an, often faint, midrib, The lower parts of the laterals are con: 
genitally fused with their parent-axes (fig. 202 J and p. 560). 


Chondrieae and Laurencieae. All outward evidence of a pi 
siphonous structure is lacking in certain Rhodomelaceae, in Se 
nevertheless a study of the: thallus-development behind thet 
betrays the essential correspondence with Polysiphoma. ateta 
exemplified by Chondria and Laurencia. In the rather E S a 
Chondria? (fig. 203 A, B) the apical cell (fig. 203 D, al ae in’ 
the summit of a narrow cone, which in C. dasyphylla is o? sq 


deep depression (fig. 203 F); this is lacking in C. tenis ppm | de 
ments are cut off by oblique walls along a 3/10 spira * in the vs! 9a 
a trichoblast (z); the 5 pericentrals (fig. 203 E) develop ement cell 


À Jar 
way. In the lower part of the apical cone there is a rapi SCH 


\ Rhodomela dentata Lyngb D 
b , (692) P 
* See (192) p. 195, (349) p. 426, (350) p. 98, (387) P: D 
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ersisting: 
) in part 
P. 594). 


3) p. 459, 
tichously 
le 4 peri- 
ig. 202 |, 
ersely, a 
a single 
division, 
while the 
vision to 
are con- 


a pol: 
n which 
he ape 


is Well j 
s is We Fig. 203. Chondr 


thalliol (Good ia; E, C. coerulescens (Crouan) Falkenb.; G, C. tenuissima 
vated 2 B GG Ag.; the others C. dasyphylla (Woodw.) C. Ag. A, habit; 
| An ipta] depressic all part of a longitudinal section immediately below the 
ob e Section; E GE ; apical cone and part of apical depression in longitudinal 
The st of apical Se Bee a transverse section below the apical depression; F, half 
h p of the Med e SEH in longitudinal section; G, germling, only the top 
he ust hapical cel]. p, own. I, 2, 3, 4 in C-F, laterals of successive orders; 
ell; bt, basal à 2 
rgemet ; » 283a. segment of trichoblast; A, attaching organ; m, axial 


b, Perice 
: ntrals; : a S : 
thizoid: s, surfac als; pr, first-formed pericentral; pi, pit-connection; 7, 


ine ER e-layer of thallus; sp, sporangium; t, trichoblasts. (A after 
tet, 


1 oergesen; C, D after Kylin; E, F after Falkenberg; G after 
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of the pericentrals (fig. 203 D, P), accompanied p 
secondary pit-connections (pi). At its base the peric form 
branching to the fourth degree (fig. 203 C, 1-4) we Unde, 
products exhibit marked radial elongation, so that " € they an the 
nating whorls of laterals (fig. 203 E, F) which ere rest à 
by the enlargement of the central cells (m). Tie final Y Separate 
produce the compact surface-layers (s). The ramificati 
dasyphylla results from the great horizontal 
Bee pericentrals (7) and of their Primary 
apex. In the older parts there ıs marked di 
come into lateral contact, with the form 
connections. 

The subapical structure of Chondria altogether confo 
Batrachospermum-type! (cf. fig. 203 E, F), while the TMs to the 
branching of the pericentrals clearly corresponds with the wea 
production of the parenchymatous cortex in Polysiphonia Ge Ge 
the radial elongation and the spatial separation of the cells (cf pt Ri 
Chondria and its allies thus serve to demonstrate the close GE ) 
between the polysiphonous condition of most Rhodomelaceae and " 
morphological construction of the primitive uniaxial Nemalionales 

The copiously branched trichoblasts of Chondria, which form 
clusters at the tips (fig. 203 B, 7), are shed before they are carried out 
of the apical depression; the elongate basal segment (fig. 203 F, bi) 
however, remains embedded amid the branching pericentrals. The 
branches of the thallus arise at the distal ends of these segments in 
essentially the same way as in Polysiphonia ((349) p. 427, (387) p. 84) 
The pericentrals of the second segment of the branch produce 
hyphae which penetrate into the parent-axis and strengthen the 
attachment. The early stages ((129) p. 497, (173) p. 249, (692) p. 92) 
resemble those of other Ceramiales (fig. 203 G). 


elongation 

branches a GL D 
lation of the 
ation of sec 


C. dasyphylla (fig. 203 A; Laurencia dasyphylla Grev. (276) pl. 152) 
common near low-water mark in the North Atlantic, is also recorded 
from the Mediterranean and the Arabian sea G7. C. tenuissima 
(Laurencia tenuissima Grev. ((276) pl. 198) has a greater southward ER 
and is more frequent in warmer seas. Both are annual EH 
attached by large holdfasts (fig. 203 B, h) formed by numerous es 
C. crassicaulis Harv. (491) possesses short branches containing ation. 
starch and probably serving as organs of vegetative Ee 
Acanthophora spicifera ((47) p. 201, (50) p. 259, (727) p- 347: r seas, i 
Lamour. (272) p. 17; cf. also (192) p. 226), widespread in AE whic 
characterised by its numerous short spinous branches (fig. 204 
arise from the trichoblasts. 


E Coeloclomum 
* This is particularly well seen in the related une puntiides 
((192) p. 210) where the thalli are markedly inflated (C”? 
Harv. (277) pl. 198, (278) pl. 189). 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


igitized by Arya Samaj Foundation Chennai and eGangotri 


RHODOMELACEAE (LAURENCIEAE) 557 


| + thallus of Laurencia ((102) D 238, (380) P. 123, (387) 
tion The omP id throughout (fig. 204 À) and the basic structure 
SÉIL. M 1 SL only near the tips. The apex (fig. 204 A) is similar 
nd th > 5 discern A 


to the 
JTeSS]ve 
lode of 
'ept for 
D. 546), 
elation 
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ales, 
1 form 
ied out 
F, bi, 
s. The 
ents in 
p. 84), 
roduce 
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P. 92) 


. 152), 
corded 
uissima 


| range Fig, 204, N > : 
bas (os) Gay 5 CRE À, Ib; obtusa (Huds.) Lamour.; B, L. papillosa 
izoids. Scion of tip PAT » L. pinnatifida (Gmel.) Lamour. A, longitudinal 


NeW fronds us, With a lateral; B, apical cone in longitudinal section; 
ich ex asian dtom last canes growth (0); D, transverse section 
danthophora A Ion of trichoblasts (1-12); F, y i » 
ma Hora spicifera (Vahl) Be ( ); F, young plant. E, 
5e 


much 
yation. 


Thien ii 


A 2 CD els es., small part of a shoot. a, apical cell; 
which 2 t, tichoblasts (A ne trichoblast; m, axial cells; p, pericentrals; 
inge: E ^ after Falkenberg; B, D after Kylin; C, F after 


FA after Boergesen.) 
Mat of C) 

m tondri à 
o ee eat E apical cell (fig. 204 B, a) produces three 

dail secon these form richly branched deciduous 


diss (475) p. A 
t with by Xd partly erroneous. The taxonomy of the 


Laut 
rides 
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` i d spirall i 
trichoblasts which are alLtaneeey spirally, (fig. 20 
branches arise from the trichoblasts, in L. pinnatifida o » Era), Th 


situated on the flanks so that the branching is distichoy Y from th 
The bases of the older branches become embedded in th SCH H 
tissue of the axis. € Deri 


e wedge-shaped segments (fig. 204 B, s) of t - 
en either side, beneath the trichoblast (+), 2 per cell (a) a 
ding to (192) p- 239) and no more are produced (cf. Cons h i 
The cortex is formed in much the same way as in Chor SCH te) 
central cells (7), which become transversely extended S ria, but it 
tinguishable only near the apex (fig. 204 À, m) and nee P clearly dis. 
able extension of the outer cells. During the abundant XR apprec 
the base of the apical depression the basal segments of dis : livision at 
become drawn out into long and narrow threads (fig. Se Ze 
mature parts display little differentiation (fig. 204 A). The. i The 
velopment follows the usual course ((129) p. 498, (379) Sei early de. 
L. pinnatifida ((76) pl. 55), a lithophyte frequently found in thelow 
part of the intertidal region, has pinnately branched ani e 
(fig. 204 C), with the larger branches often flattened. The fleshy E 
parenchymatous attaching disc is full of starch and produces a Be 
of erect shoots (fig. 204 F), the basal parts of which commonly last E 
several seasons ((353) p. 52, (558) p. 404), the new season's growth being 
often readily distinguishable from the old (fig. 204 C). A similar condi- 
tion is reported in other species ((662) p. 212). In L. obtusa, an epiphyte 
with cylindrical thalli, more frequent in warmer seas, the branches of 
higher orders tend to appear whorled owing to the restriction of branch- 
formation to occasional groups of trichoblasts ((so) p. 247, (192) p. 247). 


(ii) Rhodomelaceae with Bilateral and Dorsiventral Construction 


A considerable number of Rhodomelaceae, while. retaining the 
tier-like structure of a Polysiphonia, exhibit specialisation in the 
acquisition of bilateral or dorsiventral symmetry. Examples of ti 
trend have already been seen in the bilateral habit of Odonthalia 
(p. 554) and the dorsiventral construction of many Bostrychus 
(p. 552), but these genera are closely allied to radially organised T 
Among the Pterosiphonieae and Herposiphonieae, however, p 
tendencies become paramount and, combined with othe, oiam 
developments, culminate in a number of exceptional types. ` Em 
light nor gravity appear to play a rôle in determining dorsiven 
within this family ((192) p. 8x). ; „osiphonit 

D SE eo The species EE 
((192) p. 261) are small forms favouring the warmer d (r) ` dt 
axes are prostrate (fig. 207 A, pr) and attached by rhizoids combine 
younger parts become erect and show distichous banane re ae 
With a tendency to flattening so that a pinnate habit em alternat 
no trichoblasts. The branches (fig. 207 À; B, 5 ZE" 
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t " 

vi MELA d ; 5 

guoDO erect shoots, at wider intervals on the creeping ones; 
e 


son Zeches may at first be prostrate. Most species are 
fatter ex. 
a cort segments (fig. 207 B, se) are markedly oblique, 


d orming aua : 
mc cutting off the initial (/) arises before there is any 
ep 


me 

cv ou 

crm c 
ES = 


zo, A, Dipterosiphonia heteroclada (J. Ag.) F i 
"hc . Ag.) Falkenb., habit. B, Herpo- 
ee rae (C. Ag.) Falkenb., apex of thallus. C, E, H. secunda (Ci 
dns DEE of thallus; E, apex of shoot of limited growth, with tricho- 
of apex of A Me D, Dipterosiphonia dendritica (Ag.) Falkenb., view 
gams showing b 9 show branching; above, transverse section. F, G, dia- 
& branching, accompanied by congenital fusion. a, apical cell; 
ited growth; f, branches arising on the flanks; 


, el branches of lim 
AIS; m, main axis: i 
im, main axis; p, pericentral; sp, sporangia; tr, trichogyne. (D after 


oe 3 
Teesen; the rest after Falkenberg.) 


Marked r : o 

is An onand in such a way that a considerable area of wall 
“tain the initi el and the apical cell (fig. 205 F, 2). The first 
Sul, à num = SH on this common wall (fig. 205 G, L) and, as a 
th fused with. the basal segments of the branches are con- 
sion the Dr the parent-axis (see * in fig. 207 B); in the region 
he GEIER ral develops pericentrals only on the abaxial side 


€ con 1 H : a 
genital fusion is more marked in P. complanata 
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Schmitz (Rytiphloea complanata Harv. (276) l. M 
cian (Polysiphonia parasitica Grev. (276) pl. 147) and than in 
(cf. fig. 202 J), is in part responsible for the fate a8 in Q o m. 
A . nın h 
The germlings (429) p. 495) are like those of Poly; g of Bi 
The dorsiventral organisation of the Herposiphor tonia, 
by Herposiphonia, thè species of which are small en; Seemly 
warmer seas. In H. tenella (Polysiphonia tenella J EN Ytes of th 
(so) p. 286, (192) p. 304, (245) p. 359, (4745)) the long axes a B. 
attached by unicellular rhizoids, the apex in grow; re 
coiled, with the convexity towards the Substratum 5 pla 5 beire 
branches, one generally produced from each See o5 B), 
acropetal succession and stand in four rows (fig. ze 5 Sch 
occupying the flanks (f) develop into Prostrate lon ie € thy 
those situated on the dorsal side (d) give rise to aoe oots, while 
laterals of limited growth; as a general rule three steen atch 
shoots are followed by a long shoot situated on the rods dwarf 
last dwarf-shoot of the preceding segment (fig. 206 A) ue © a the 
irregularities occur. The few trichoblasts are restricted to ee 
of the dorsal laterals and as usual bear the sex organs (fig z: as 
According to Goebel (643) p. 361) vegetative reproduction d d 
by the dying away of the older parts of the principal axes. Beni 
(G7) p. 581) has studied the light-orientation of this species, 


Dipterosiphonia (so) p. 292, (192) p. 320), the species of which occur in 
warmer seas (several in Australasia), is essentially similar, but the pro- 
strate and often flattened fronds have straight apices (fig. 205 D). The 
laterals, which arise in pairs on alternate sides of the parent-axis (figs. 
205 D; 206 B), are entirely prostrate in D. dendritica (fig. 205 D; 
Polysiphonia dendritica C. Ag.) and other species. In the Australian 
D. heteroclada (Polysiphonia dendritica Harv. (274) p. 232) the dors?” 
laterals (fig. 205 A, d) take the form of more or less curved spines. 


The congenital fusion seen in Pterosiphonia is more pronounced in 
other Pterosiphonieae and in certain Herposiphonieae. A good 
example is furnished by Symphyocladia marchantioides? (092 p.278) 
known only from New Zealand, in which the flat prostrate thalli 
(fig. 207 C) is composed of two layers of pericentrals (£2. 206 5j) 
with an intervening row of central cells (c); the latter appear E 
traversing the thallus. The one-layered margin (fig. 207 E)is er 
by a row of initials and their segments. The former (1-5) be 2 
successive laterals, produced alternately to right and GE with 
second segment and congenitally fused throughout ther the aen 
their parent axis (cf. also fig. 206 C); the arrangement à a of tie 
is clear from the disposition of the branch veins. Tue 


rder. 
thallus are formed by outgrowth of laterals of the second 0 n 
à In H. secunda 00! 


* Naegeli's account is erroneous in certain respects: 
gone of the segments bear branches (fig. 205 C). 
Amansia ? marchantioides Harv. ((274) p- 223): 


E 
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À opoM 

RH j occasionally become free towards the end of their 

Sr A ical cells still cutting off a few segments, each of which 
ei 


h 
owth TT.  hoblast- — e 
ett Ge Pollexfenia pedicellata ((199), (192) p. 290, (270) pl. 5) 
| The Com habit (fig. 207 G). The growing margin (fig. 207 H) 
Mplifeg ke? simt 


'Casiom| | 
€ apices 
o5 E, 4} 
es place 
erhal 


occur in 
the pro- 
D). The 
vis (figs. 
205 D; 
Istralian 
> dors?” 
ines, 


inced in 

Fig. 206, 3 : . ; 

A good GER e Seeme et branching of Herposiphonia. B, the same of Diptero- 
p.216) Ming E ne ıyocladia marchantioides (Harv.) Falkenb.; C, diagram 
thallus RE, ane Ing and congenital fusion, 1-3 successive branches: 


ection of thallus. 


6 F, p) odomelacene - D, E, diagrams of cortex-formation in 
ls veis ©, cortex; UIN B up E, longitudinal. a, apical cell; c, central cell; 
dE (All after À etage s 5; f, laterals situated on the flanks; p, pericentrals. 


Jong t0 ree 

every mbl 
nm a Es E of Symphyocladia, although each segment produces 
ee thallus, aan re is the same congenital fusion. The veins of the 
“of ti sequence of ec by the central cells, show clearly the 
x, The A Peticentrals AS (fig. 207 F). Pollexfenia has 4, Symphyocladia 
mn Orded by th à nother variant on this type of construction is 


e S à 
h Pa andsome Dictymenia (cf. p. 746 and fig. 299 B). 

i Meni à 

Situateq 5 Ce ane laterals are arranged in four rows. Two, which are 
th s (fig. 207 H, 7-8), develop vigorously and join to 


37 
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form the flat thallus, while those arising'on the dorsa 
ncluded 


lan 
d ve 
` ntra] 
i 8 
Sin, Beg 
a 


faces (s, s’ in fig. 207 F, H), which are not i 


the t 
sist 0 
on tr 
Amp 
Marg 


TI 


Fig. 207. A, B, Pterosiphonia parasitica (Huds.) Falkenb.; A, habit; DER an er 
part of an erect shoot. C-E, Symphyocladia marchantioides (Hary.) Fa illi De 
C, habit; D, surface-v;ew of part of thallus, with fully developed et their 
E, edge of thallus from tne surface. F, G, H, Pollexfenia pote the Bits 
F, diagram of thallus to illustrate mode of branching; G, habit, SA i 

fertile laterals (f); H, edge of thallus from the surface. 1, 2, ^ 4 5 ical cell 


uw 


S d . a, apical ¢ 
and H, apical cells of successive congenitally fused Bor E rhizoid; 
e, erect frond; l, lateral; p, pericentral; pr, prostrate Zender 


Sr (in and H), points of attachment of laterals standing : 
general plane of bran: hing; se, segment. (After Falkenberg. 


o 

3 : s short pi 
SH and may remain arrested for a time, LED HN branch 
sipho o roduce & i 
phonous branches of the usual type; they p o ductive organ 


trichoblast from each segment and bear the repr 


ly- 
Jn 
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Zanard.) Falkenb.! ((192) p. 296) the dorsal and ventral 
grip cognisable only near the growing margin, and the repro- 
SCH are TE ` are borne on the free tips of the elsewhere fused 
Ate © " prostrate part of the thallus of P. Pedicellata is attached 
goes tera formed from the ventral pericentrals. 
id 
i" oes dia and Pollexfenia to all intents and purposes 
while A lateral symmetry of the simpler Pterosiphonieae, Placo- 
ashi the 1137, (6) P- III, (190) p. 164, (192) p. 336, (247) p. 3), a 
pora (© P: prong Herposiphonieae, shows a dorsiventral organisa- 
arallel Re of P. Binderi (fig. 208 A), an epiphyte on Codium 
tion. Ze om South Africa and Peru,? agrees in its marginal growth 
reported Pd fusion (fig. 208 B) with the corresponding forms among 
BUR S nicae. Each segment produces a branch, and the laterals 
Eus (1, 1, 2,2, etc.), alternately to the right and left (cf. 
Dipterosiphonia). The primary DUM first divide by walls parallel 
J the margin and the resulting HE) produce no branches, 
which as usual are formed as a result of later oblique septation. 
Occasional branches may sometimes project above the surface. The 
segments form 5 pericentrals (fig. 208 E), 2 on the ventral (up) and 3 
onthe dorsal surface (dp), some of the former growing out into elon- 
gate rhizoids, 


Amplisiphonia (308), a Californian lithophyte, has the same vegetative 
structure, though the thallus is appreciably larger, while the epiphytic 
Penphykon (728) has 4 dorsal and 2 ventral pericentrals, the former 
undergoing transverse division. 

The reproductive organs of Placophora are formed on tufts of free 
branches (cf. Pollexfenia crispata) which appear between the lobes of 
the thallus (fig. 208 A, +) : those bearing sporangia (fig. 208 F) may con- 
sit of 30-50 segments with 8-9 pericentrals, while the sex organs arise 
m trichoblasts borne in a single dorsal row on the fertile branches. In 
ee tetrasporangia are formed in modified erect-growing 

Binal lobes of the thallus which possess 6 pericentrals. 


The germlings of Polle 


oid | an erect di lexfenia ((192) p. 290) and Placophora? possess 
AR S TM tally organised, polysiphonous axis (fig. 208 C, e), from 
St tet or ale of which the flat thalli (m) arise; in Placophora 
ving he sion Na endogenous. The Primary axis of 30-45 segments bears 


ae nl latin MURUS a few apical trichoblasts. It can hardly be doubted 
cal in odomelac Paonia, Symph yocladia, and other prostrate forms among 
Den blished, = à similar origin of the prostrate shoots will be esta- 

| € the extreme modification which many of the genera 


1 M ` 
Melanoseris ns 
t Pr Seris crispata 


t pol ym ta Zanard, ((764) P. 489). 
ande Tt m "TE Widely distributed in the Southern Hemisphere (see (727) 
ns. belie rose Stages w R 

tis Ge; 8 3 Were described by Askenasy (2o) under the name of Rhodo- 
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just considered exhibit, their early development S 


derivatives of erect-growing radially organised P 
It may not be amiss to emphasise that Sy 


) 


hows t 


at they ar 
-like ipa 
SCH : | 


olys ibhoni 
mph 'yocladiq A 


of thallus 
C, young 


i 0 Jatera 
a, apical cell; by, branch; c, central cells; d, exogenous apteron M 


os OT izoids; 5; $ 
thalli arising from latter; r, reproductive branches; rh, Ch Falken) 


5 extrem 4 
Pterosiphonia, Placophora a Dipterosiphonia, modified by th? 


Congenital fusion of the bilateral branch-systems: 


: ombint! 
Polyzonieae. Considerable morphological speci? 


lisation; © 
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f thallus ia | 
* voung 09, eo: ; b | 
fe Plants With two Fuzoniella adiantiformis (Decsne) Falkenb., small parts o | 
surface). ? Lophosiphonia web of limited growth, in B one with a cystocarp p 
SCH (Crouan) oni OG Falkenb., habit. D, F, Ophidocladus simpliciusculc "n 
| mature Wit Ag.) Falkenb | ZC Of thallus; F, habit. E, G, H, J, Euzoniell | 
eget b © Section of axis. d; » View of part of a sterile plant from above; G, trans | 
bers) phe S'stem, with à diagrammatic; H, basal part of germling; J, part o 
“m B “POrangial laterals (stichidia). I, Stictothamnion cymato 


extreme nosiphonia hypnoides (Welw.) Falkenb., ape: 

B pr o a, axial cell; cv, cystocarp; d, dorsal shoots o 

lis ate shoots; pa Shoot; h, hapteron; /, laterals of limited growth 

(I after Oerges Primary axis; », rhizoids; st, stichidium; f, tricho 
en; the rest after Falkenberg.) 


bint 
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: for convenience may be grouped as Lophosiphonieae, are difficult to 
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with dorsiventral organisation, is attained in a diffe 
the Polyzonieae ((192) p. 359), most of which are Tent wa 


d 4 i d | 

Southern Hemisphere, while several are pen abi Ants of 4 fo 
A common feature is the endogenous origin of the ds uat | ow 
limited growth. Several of the extreme forms dies ranches o (i 


Jeafy liverworts. 


here are several creeping dorsiventral Rho 

a of contact with the Herposiphonieae, MEC Which 
zonieae in their endogenous branching. Examples CAD 
Lophosiphonia (fig. 209 C ; (50) p. 294, (140) P. 126, (192) À € furn 
Ctenosiphonia ((68) p. 67, (192) p. 485), Ophidocladus GC Dipen 
p. 488), and Stictothamnion (fig. 209 I; (s4) P. 118). Ve = DIS 
inhabitants of the warmer parts of the Atlantic; Lophosipho these are 
(Ag.) Falkenb. (Polysiphonia obscura J. Ag. @76) SL onia ob 
from the south coast of Britain and Ctenosiphonia on known 
siphonia hypnoides Welw.) is reported from Guernsey ((436) ides (Poly. 
laterals of limited growth, for the most part unbranched The 
They are sometimes borne in two rows on the flanks (Ctenosiphanis 
fig. 209 K), but commonly in a single dorsal row (Ophidocladus E 
ciuscula) fig. 209 D, F; Stictothamnion, fig. 209 I); those of SCH 
thamnion (d) are fusiform. In Lophosiphonia long and dwarf gege, 
not sharply differentiated (fig. 209 C) and some of them (b) bend n 
to the substratum. In Ophidocladus (fig. 209 D, F) shoots of unlimited 
growth (/) arise from opposite flanks of the same segment, although one 
or other often remains arrested. Trichoblasts (fig. 209 C, I, t) are 
usually confined to the tips of the erect laterals, those of Stictothamnion 
being unbranched. In Falkenbergiella ((401) P- 21) they are formed only 
on sexual plants. Although the exact affinities of these genera, which 


Doug 


assess, they help to emphasise the relationship between Herposiphonieae 
and Polyzonieae. 


Euzoniella (841) P: 150, (192) pp. 73, 360, (408) p. 514) and Polyzonia 
(t0 p. 75, (92) p. 388) comprise a number of small epiphytes of th | 
Southern Hemisphere. Their creeping thallus arises exogenously Har 
from the erect primary axis (fig. 209 H, pa) which, in P oyana 
Winged as a result of tangential division of opposite pericentrals. In 
both genera the prostrate laterals arise from the flanks of the SE ofli 
axes (figs. 208 D; 209 E), those of limited growth (d) exogeno | un 
from every second segment, the later-formed long shoots (/) um 
genously (cf. (14)) from certain intervening segments. The Tm 
of the two kinds of laterals is much as in Dipterosiphonia (cf. s axes n 
Euzoniella incisa; fig. 209 E). In Polyzonia (fig. 208 D) the long | 
develop a ventral keel (w). 

, The laterals of limited growth bear short branches © 
side, and in Euzoniella adiantiformis these are congenita 


* Polysiphonia simpliciuscula Crouan ((149) Pp: 157): A). 
Polyzonia incisa J. Ag.; P. Sonderi Harv. ((277) pl. 42 


the dor dor 
ily fused? à 


-0. In Public Domain. Gurukul Kangri Collection, Harid 


igitized by Arya Samaj Foundation Chennai and eGangotri 


RHODOMELACEAE (POLYZONIEAE) 567 


fig. 209 A, B). In Polyzonia elegans (fig. 208 D, 
ther hand, the foliose form of the dwarf-shoots 

WE, e production of one-layered wings (w) by tangential 
em) single ventral and of one of the two dorsal pericentrals; 


ches (br) appear as teeth along the margin. This epiphyte is 
the P by massive h 
attac 


aptera (A), like those of Leveillea (cf. p. 568). 


hese are 
| obscura 
3 Known 
s (P, oly. 
20). The 
W erect, 
tonio, 
$ simpli. 
Stiche. 
Oots are 
d down 
limited 
ugh one 
, D) ate 
hamnion 
ed only 
, Which 
ficult to 
honieae 


lyzonia 
; of the 
enously 


(om Cliftonaea; A, C, .D, C. pectinata Harv.; B, E, C. Lamourouxii 
4, part of a plant, bearing a long lateral (/); B, ditto, the arrow pointing 


onia, Is 

4h. I inu euer C, apex of a long shoot; D, view of part of a long shoot from 
a GE ace, the short shoots cut off a little way above their base; 

reep S dE Se section of a long shoot. a, apical cell: c, central cell; d, branches 

NI E SE dw, dorsal wings: J, branch of unlimited growth; p, peri- 

) endo- 4, tetrasporangia; w, wings. (After Falkenberg.) 


sition à 
ech : pec wing seen in Polyzonia is more markedly developed 
ng axes principal aves” w) in Cliftonaea ((6) p. 113, (92) p. 373), where the 
Paro) BU grow erect and possess strongly inrolled apices | 
dorsi Oral roe € laterals of limited growth (fig. 210 A, C, d) form two 
sed H (fg. 216 and, like those of Polyzonia, possess only 3 pericentrals 


Gm D) here H H 
lara Whereas the long branches with 6 pericentrals (fig. 210 
2) Produced pc ans (fig. 210 A, I). The ventral wing (fig. 210 E, v) 
Y tangential division of the median pericentral, while 
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) 
less strongly developed dorsal wings (dw), former A 
lateral pericentrals, link up the bases of the late r 
In C. pectinata (fig. 210 À; @7 pl. 100 
nounced than in C. Lamourouxii Harv. 
ventral pericentral of the short laterals likewise Sech wh 
Polyzonia elegans). In this species these laterals Der Saw | 
trichoblasts, whilst in C. pectinata they are confined TOW o E i 
shoots. Polyzonia and Cliftonaea, though Presentin to | 
with Dipterosiphonia, exhibit pronounced 
velopment of the ventral wing. 

The most remarkable member of the Polyzonieae : 
jungermannioides (aa) p. 76, (192) P. 392, (s) p. ds = IS Lea, 
‘widely distributed in the Indian Ocean and records] Ae pl. m) 
Persian Gulf and Arabian Sea ((s7), (62) P. 132). Here Ro the 
limited growth (fig. 211 A, Z), arising from the creeping Re of 
the form of delicate “leaves”, which are attached by a broad ui take 
overlap one another by their posterior edges so that (NM m 
resemblance to a Jungermanniaceous liverwort. The creeping as i 
(fig. 211 D, cr) again arise exogenously from the erect primary x 
(pa), which is winged like that of Polyzonia. 'The branches of m 
creeping axis (fig. 211 A, u) arise in pairs from the basa] segments of 
two consecutive laterals of limited growth,! so that each later appears 
in the angle between the parent-axis and-the front margin of the 
“leaf”; many remain undeveloped. They possess 7 pericentrals (f. 
211 B), the two ventral ones forming a slight keel. 


. 8 points of 
dorsiventrality : 


"The short laterals arise as cylindrical outgrowths (fig. 211 C, I) within 
the inrolled apices of the long shoots, as usual from alternate segments. 
They have 3 pericentrals (fig. 211 I, p), the dorsal first-formed one 
occupying the abaxial side of the rudiment. The foliar form results 
from active division of the ventral pericentrals, while the broad and 
oblique attachment is attained by division of the cells of the adjacet 
segments of the axis, although no continuous wing is formed. Oct: 
sionally the apices of these laterals remain cylindrical and produce 4 


double row of dorsal trichoblasts. Attachment is effected by massie d 

haptera (fig. 211 À, D, h), formed by the outgrowth of small cells z ini 

off from the ventral pericentral (fig. 211 B, h) of two ue i 

segments. i ften T 

Amansieae. A different type of dorsiventral Sechert: in col 

5 combined with wing-formation in the plane of EEUU ee shows 3 

^ the Amansieae ((:92) p. 402). The fronds here grow erect, W om "i 
that dorsiventral organisation in Rhodomelaceae is not ds usual 

| linked with a creeping habit (cf. also Clifronaea). The from eat By 

i arise in tufts from a common basal disc. The En = erect DT _ e 


ures correctly: 


1 Ambronn and Goebel do not describe these feat 
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e Southern Hemisphere and there area number 


dto th 

€ do ; gon Australian forms. 
rom, d i “s pivastroides* (i 211 F; (15) p. 163, (189), (192) p. 472) and 
ess Pro. Ha E 
here th 

: i 
Ving (cf 
of dorsal 
© Sexual 

analo; 
| the de 
Leet, 
SÉ 
TOM the 
terals of 
(cr), take 18 

ase and [| 
marked NI 
B shoots d 
lary axis Nit 
S of the 5 
nents of Ji 

appears M 
1 of the 
rals (fig. 
) within 

gments. 
ned one 
| results 

pad and 

adjacent 

_ Occa- 

oduce a ü 

massive Sëch A-D, I, Leveillea jungermannioides (Mart. & Her.) Harv.; A, habit; 
ells cut M End section of prostrate axis; C, apex of long shoot; D, early stage 
secutive Pnatroides (Gm N p section of young “leaf”. E, F, Halopithys 

centrals); F, habit, CEA transverse section of apex of shoot Ge peri- 

t often verse section of a a t ns ützingia canaliculata (Grev.) Sondeg en 
NT ©, Prostrate axi pex of axis; H, apex of a shoot. a, apical cell; c, central cells; 
scen n genous He h, hapteron; 1, laterals of limited growth; /a (in H), endo- 
y shows Secondary bs ip, lateral pericentrals; p, pericentrals; pa, primary axis; 
finite 1, part of bete ; u, shoots of unlimited growth; v, ventral side of thallus; 
usually h al pericentral forming the wing. (After Falkenberg.) 

ent Ile tinct: 

il (6) p, ERR (fig. 212 K; (as) p. 180, (189), (192) p. 438; cf. also 
Amit Perennials h owever, richly branched Atlantic and Mediterranean 


The axes, which are cylindrical (fig. 211 F) in the former, 


À ne 
Rytiphloea pinastroides C. Ag. ((276) pl. 85). 
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slightl flattened in the latter, have inrolled an; 
SE Zeg (fig. 211 E; 1) on the you de 
rows of endogenous laterals (/) are produced in Pairs f et 
cessive segments and form an acute angle with one A Tom ty, a 
two secondary branches (s) in Halopithys arise dee her; ths d 
axis. The older parts develop an extensive parench, SCH le Daten, 

Like other Amansieae these two genera possess atous co od 
211 E), the two first formed (7, 2) lying on the len (fe, 
of the inrolled apex. A narrow two-layered wing i (dorsal) side 
Rytiphloea immediately behind the apex by division j| Ormed 
and dorso-lateral pericentrals (cf. fig. 212 F, G) sun Of the 
strongly developed in other Amansieae, as for instance j 
((6) p. 108, (192) p. 407), where the cells of the two layers alis Amangig 
212 I, w) and those of adjacent segments become linked m" Tnate (fip, 
pit-connections. In A. multifida (fig. 212 B) the endoge ou ina 
(ly emerge in two alternating rows from between the two layer TT 
broad wings, the first segment of the lateral extending to the el 7 
the wing and producing only a dorsal and a ventral pericentral si 
wings on these laterals lie in the same plane as those ofthe e 
and are continuous with the latter. In later stages exogenous à 
ventitious fronds arise irregularly along the median line of the main 
axis(14). A. multifida thus represents a further elaboration of the 
condition found in Rytiphloea, and both differ essentially from 
Halopithys only in the development of wings. 

The mature plants of A. glomerata (fig. 212 A; (192) p. 416) present 
an appearance very different from that of A. multifida. A robust 
terete stalk (s) bears on one side a number of dense leafy rosettes (r), 
consisting of flattened branch-systems which are placed edgewise. 
These “leaves ” have the same structure as the thallus of A. multifida, 
although with broader wings and shorter laterals. The young plant 
closely resembles one of these “leaves” and from it the later ones 
arise exogenously, being homologous with the adventitious laterals 
of A. multifida. The rosettes are sympodia, each member of which 
arises adventitiously from the base of the preceding one. Wing 
“Jeaf” originates, the adjacent cells of the axis develop a Ww in 
212 H, co), a process which advances basipetally and e oe 
production of a thick rib (fig. 212 I, co) overlapping onto! Ze way 
The peripheral parts of the latter slowly disorganise and 2 videl 
the terete stalk is formed. The two species of Amansia an i 
distributed in warmer seas. 


ear 
U Parts, 


d ; 

à Orga] 

a K 
Wing Is More 


dt 
$ : eas A. n 
Diverse other Amansieae show much the same dE wing is on 


fida. In Lenormandia (@) p. 1099, (192) p. 456, 679) peA d there are 
layered owing to dovetailing of the two series 0 QE AD arising OI 
endogenous branches, secondary fronds (fig. 212 L 9 d 
genously and adventitiously from the margin: L. 
235) and other species are known only from Aust 


marginale UL 
ralia Qsmun 
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o (Polyphacum proliferum Ag. (192) P. 469, (277) pl. 188) 
the numerous small adventitious shoots covering the 
tilaginous fronds. Kützingia (fig. 211 H; (192) 
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the fit 
Parent. 
Ortex, 

rals (fie, 
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1S More 
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S Of the 
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Toy 


distin 
surfaces 


MT ER 
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present 
robust 
ttes (r), 
gewise. 
ultifida, 
g plant 
er ones 
laterals 
f which 
When a 
tex (fig. 
to the 
wings: 
his way 
widely 


Fig. N 
en ana) A, E-I, A. glomerata C. Ag.; B-D, A. multifida 
bts; E-G Gë its of the respective species; C, young and D, older tricho- 
illustrating the DES sections at successive distances behind the apex, 
midrib, J Vidali e of wing-development; H, I, two stages in formation of 
(Clements) c ła volubilis (L.) J. Ag., habit. K, Rytiphloea tinctoria 
ronds (f). c 8. L, Lenormandia marginata Hook. et Harv., with secondary 

» central cell; co, cortex of midrib; cu, cuticle; A, hapteron; 7 


ttes; 5, cyli ` : b 
Cf Test after Balken bare! axis; £, trichoblast; w, wing. (K after Ambronn; the 


js one 
> are no. 
ng ex i 
GER 
undar 


P: 450, (270 
T ) pl. : e 
biede (f 9) differs from other Amansieae in the possession of 6 


r thi f ME ei = the one-layered wing being formed by division | 
ae ation at an Se the lateral pericentrals (Ip) and exhibiting cortex- u^ 
Ith remains as Y stage. The older parts develop a coarse midrib 
2 stipe after the wings have worn away (cf. (277) pl. 
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e endogenous laterals (fig. 211 H, TD) re 
Se rudimentary. PPosite, but A 
Vidalia (fig. aeli E = (192) P. 423) again has 
re, although More wing to the format, < Sint, 
ed cortex. Here several of the basal segments t of a = 
appear as teeth along the margin, are included within the yi"? Which 
parent-axis. The frequent spiral twisting (fig. 212 De canes of th 
formation taking place also on the embedded Parts of th Y Wing. 
Branching of the fronds is either due to further development. ‚er, 
laterals (V. spiralis Lamour. = Epineuron spirale Harv. (270) wer 
adventitious branches (V. volubilis, fig. 212 J). The ran pl. 
of the Australasian V. spiralis are formed on minut 
branches, while those of V. volubilis, occurring in the wa 
Northern Hemisphere, are developed on certain more 
genous laterals. 

Like Halopithys and Rytiphloea, both Amansia and Vidalia deve 
near the inrolled apices a single dorsal row of richly branched SC 
blasts. It is characteristic of diverse species of the last three genera is 
until the trichoblast is fully developed, the component cells RM 
small and constitute a compact pyriform group (fig. 212 C) enveloped 
by a “cuticle” (cu); as the cells elongate, the latter is ruptured, though 
parts of it persist at the base (fig. 212 D, cu). 


Bain ha 


tain 
9) Or to 
ductive Organs 


© adventitioy, 
TMer seas of the 
vigorous endo. 


(d) Dasyaceae 


The few filiform genera belonging to the Dasyaceae are essentially 
distinguished from the Rhodomelaceae by the sympodial branching 
of the principal axes (sei p. 316, (192) p. 609, (350) p. 108, (s47) p. 33 
(92) p. 224). A lateral, arising either from the basal (Dasya, fig. 213 
F; Dasyopsis) or from the second or third (Heterosiphonia, fig. 214) 
segment of the previous generation, continues the growth of the axi 
while the upper parts of the successive units of this sym 
(r, 2, 3, etc.) are deflected to one side and develop as branche 
uniseriate apparent laterals (pseudolaterals (pl) of Rosenh Tia 
limited growth; although different in origin, the latter resembie 


ja (fig. 213 
pigmented trichoblasts of certain Rhodomelaceae. In Dasya (fig ie 
ed, but in Dasyopsts s 
$ hous an the 

, duces à 
plants have a pinnate habit. The pseudolateral usually Pie 


branch adaxially from every second segment (fig. 214 D, E 
Dasya and Dasyopsis the laterals of the secon 
the branches of the pseudolateral lie approximate a polysiphone" 
The sympodial axes (figs. 213 F; 214 D, vsu 5 hasal 5 
structure throughout, while in Heterosiphonia Oe honous.! DE 
ments of the pseudolaterals likewise become polysip" 
(fig. 213 E) and Dasyopsis possess 5 pericentrals, W ent may ê 
1 According to Falkenberg ((192) p. 169) the basal segm 
come polysiphonous in Dasya. 


Soa 


Iso. be 
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Fig. 21 

"213. Dasya. A- 
detail of branching 
Older axis; E transv 
(Dillw.) d 


G, D. pedicellata Ag.; A, habit; B, C, F, apices showing 
the successive axes numbered in B and F; D, part of an 


eil St n AE section; G, adventitious lateral. H-K, D. arbuscula | 
1 Dot central cell: e ne stages in development: a, adventitious branches; 
lopin? ae 5; Dl, Pseudo tt axis; h, cortical threads; pr, p2, etc., peri- 
elop N Olaterals; r, rhizoid; sa, sympodial axis; th, beginning 


mi 
es thallus, (A afte 


, also be berg; H 


en Kis e B-E after Rosenberg; F, G after 
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574 FLORIDEAE (VEGETATIVE SYSTEM) 
sequence different from that of Rhodomelace 
first (pz) to one side of the pseudolateral, the 
it, the third (p3) to the left of the second, and 
and sometimes suppressed. Heterosiphonia, ; 
pericentrals varies, on the other hand, for the 
in the same way as in Rhodomelaceae. In H. Bech 

distributed Antarctic form, the larger axes Me E Mont, aie 
great enlargement of two opposite Pericentrals. niet ovine 
limited growth are for the most part (always in Her € branches ine 
D, br) constituted by the first branch of a pseudos. Honig. i b 
laterals, especially plentiful in Dasya arbuscula ET Adyentii 
upper ends of the pericentral cells (fig. 213 D 2 : Mad fromt 
from the cortex (cf. below); they usually Ze Sometimes als 
(fig. 213 G). n Monosiphonoy, 


In many species branched cortical threads, e 
cut off obliquely from the lower ends of the per; 
and linked by pit-connections both with ane OT pn 
latter, give rise to a more or less thick cortex (figs. 21 and 
in Heterosiphonia (fig. 214 E, h) they grow both one 
wards. Such threads also arise from the basal cells oft 
and of the adventitious branches. In Dasyopsis ((s47) 
cells of the cortical threads become very large (fig. 214 B, C. } 
penetrate between the pericentrals so as to obscure the primar ps 
ture. This accounts for the frequent denial ((192) pp. 37, 665, ( an Es 
of the presence of pericentrals in this genus. Ee 7. 

The early development of Dasya ((129) p. 496, (173) p. 253, (339) p. 225, 
(694) p. 363, (695) p. 9) is essentially like that of Callithamnion (fig. 215 
H, I). Branching (fig. 213 J) sets in early, but both primary axis and 
branches remain uniseriate. T'he mature thallus (fig. 213 K, th) arises 
at a later stage from the original spore-body. 

The species of Dasyaceae are largely sublittoral forms which favour 
warmer seas, although a number are to be found in temperate waters, 
Dasya arbuscula ((276) pl. 224) is probably the most widely distributed 
British species, while the much larger D. pedicellata Ag. (D. elegans 
(Mart) Ag. (72) p. 60) is found on the warmer Atlantic shores of 
Europe and North America, as well as in the West Indies and tht 
Mediterranean. A common North European form is ‚Heterosiphonia 
plumosa (Ellis) Batt. (Dasya coccinea Ag. (276) pl. 2535 Ig mer 
Falkenb.). Dasyopsis plumosa is known from the North Pacific. 


The Dasyaceae also include Dictyurus and Thuretia, which p Gar 
reticulate thalli, comparable to those of Delesseriaceae (p: 2 
former is found in the warmer parts of the Atlantic and In = 
Oceans, the latter in Australian seas. In Dictyurus (( P; an 
P: 327, (o2) p. 675) a creeping system gives rise to terete pip 
about 5 cm. high in D. purpurascens), each branch Sr al vel 
elaborate sack-like network (fig. 215 A) in the form gin T odi 
qe basic structure is like that of other Dasyaceae: az 


ae (fig, 
Second " C). 
5o On; the fifth be 
N which then S small 
most Part develo 


merging from Small cells 


213 D, h) 
With the 
3 E; 214 C, J); 
ards and down- 
he pseudolaterals 
P. 54) the mother. 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwa 


olaterals 
mother. 
, h) and 
y struc- 
) p. 128 


) p. 225, 
fig. 213 
xis and 
1) arises 


| favüur 
waters, 
ributed 
elegans 
ores of 
and the 
iphonia 
org 


E 

1 the 
Ge 
17i (60) 
ht axe 
ears al 
al vell 


odi 


ss 4 Pe! 
ge ir iphonia) 
f. 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


DASYACEAE 575 


ericentrals (fig. 215 D, m), two segments to each joint 
and the pseudolaterals are distichously arranged 


7-6); they soon drop off on the lower parts of the erect 
à Je A, m) whic 


"IL 
Fig. 214. A, C. edo 2 
transverse section Rae plumosa (Bail. & Harv.) Schmitz; A, habit; C, 
Heterosiphonia Wurden, plana (C. Ag.) Zanard., apex of a pseudolateral. 
of the Sÿmpodium urdemanni Bailey, apex of a shoot, the successive segments 
ranch, by, zm reenact E, H. plumosa (Ellis) Batt., older part of a 
Centr, CA; c, central cell; cy, cystocarp; h, cortical threads; p, peri- 
a, sympodial axis. (C, E after Rosenberg; the 


f als; pl, Pseudolaterals; s 

berg.) 

Hh the region of th 

rou onta] plane 

of e rence of the 
"sympodial br 


Crs after Falken 


€ net each pseudolateral branches abundantly in 
(fig. 215 C, pl) so as to occupy about half the 
axis ; the first ramifications lead to the formation 
anch-systems (fig. 215 B, Ze, their uniseriate 
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pseudolaterals tending to be pinnately disposed. Net 
mences, before there is any wide separation of the inj mat 
(fig. 215 E), by the abundant outgrowth from lvidua 
threads of processes ($) which grow towards one à 

their tips (f). Such connections are established len 
diverse laterals of each sympodial branch-system d 
margins, where two such systems meet (i.e. in fig E. also along the 
and 2, 3 and 4, etc. and, on the reverse side, betwee E between , 
etc.). The close spiral thus constituted (fig. 215 D) N 2 and 

axis stretches (cf. fig. 215 J), but, prior to this th 
tips occupying the edge of each branch-system 
with the under surface of the next higher coil oft 
work thus encloses an uninterrupted spiral cavity 


the cells op che 


: »4a 
e SE 
bees oe Curved 
he spiral, The 
: - The Net. 

In Thuretia (fig. 215 F; (192) p. 668) there is on 
joint of the sympodium and, in the principal Eo oo 
structure is soon obscured by cortication (cf. Dasyopsis) "o e 
folia (Dictyurus quercifolia J. Ag.) the lowest lateral of held e 
primary pseudolaterals (fig. 215 G, pl) gives rise to a on 
podium bearing numerous uniseriate pseudolaterals (sl) adaxial GC 
rows. Successive secondary sympodia follow closely upon one M 
so that their laterals project over those of the next youngest NT S 
with which connections are established at fairly regular intervals (ip 
215 H, f) in the same way as in Dictyurus. The elaborate network Dé 
constituted consists of two or more interconnected systems. Occasional 
secondary sympodia develop into the lobes of the flat, rather spongy 
nets (fig. 215 F) of T. quercifolia ((277) pl. 40), which may reach a length 
of 20-25 cm. T. teres Harv. ((277) pl. 191) has cylindrical nets. 

Brief mention may be made of Halodictyon ((s4) p. 140, (192) p. 692, 
(478) p. 392), a genus of uncertain position, with a number of species in 
warmer seas. The plants consist of a branched network composed of 
cylindrical cells which are free at the margins (fig. 215 1); a poly- 
siphonous structure appears only in the fertile parts. The apex of the 
net is occupied by a small-celled meristem, the segments of which 
rapidly lengthen and separate. H. mirabile Zanard. ((762 pl. 5) occursin 
the Mediterranean. 


to each 


The typical Dasyaceae have often been regarded ((192) pp. 681, 699, 
(339) p. 265, (387) p. 123) as the most primitive of the Rhodone ee 
While Oltmanns ((502) p. 336) looks upon them as specialised (reduc) 
forms and seeks the origin of Rhodomelaceae among ne 
like types. Rosenberg ((s47) p. 83) concludes that the Dee ae > 
more in common with the Delesseriaceae than with the ot de in 
families of Ceramiales (cf. also p. 720). There is much that T the 
Iavour of Falkenberg's view, since the great resem a ls 
pseudolaterals to the pigmented trichoblasts of the less S f 
Rhodomelaceae cannot be denied; moreover, the DC elopmet 
Siphonous branches from the pseudolaterals recalls their ce 
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Ag 215, A-E 5 
moved at oq Dictyurus Durpurascens Bory; A, habit, part of the net re- 
"stems: € apex d B young lateral sympodium, i-iv successive branch- 
iD, apex of ais pe sowing distichous arrangement of pseudolaterals 
D sses (5) and Do elow, z-iv correspond to iv in B; E, emission 
Gd of latera] sympodi Ion of network; J, diagram to show mode of spiral 
agram e podia. F-H, Thuretia quercifolia Decsne; F, habit; 


teco 0 show b ; p 
at ' laterals rid euro primary pseudolaterals (pl); the two rows of 


WË E lr ort by the light and dark shading, r-6 th 
Fe t g, the suc- 
pment cel: F(a gonium, (C RE axis; H, basal part of older lateral sympodia, 
PM E an ` ` Halodictyon mirabile Zanard., part of net. a, apical 


Dse » poi ` 
Molaterals D ons of fusion of processes (2); la, lateral axis; m, axis; 
» Secondary laterals, (After F. alkenberg.) 


38 
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from the trichoblasts in many Rhodomelaceae 
it is difficult to regard the sympodial structure the other un 
_ primitive, nor are any traces of it to be found in Rh of Dags a Jy 
facts indicate that the former constitute an in PUOmelace e A | 
À he 


à de 
line from an ancestry, common with that of the E evolution 
T three f y 
amilieg 
of 


Ceramiales. 


12. PARASITIC FLORIDEAE 


The numerous epiphytic Florideae are fort 
superficially to their substratum. A certain numbe X 
a more intimate relation, either in their restriction S : however, exhibit 
(@26) p. 249, (618) p. 156) or in the possession of an à definite Ae 
ing system, which penetrates more or less deeply ne Ophytic attach. 
(701) and often causes some destruction of the adia o the Substratum 
well exemplified by Polysiphonia fastigiata (P. 548) es cells; this ix 
little evidence of actual parasitism in such F lorideae hi ue 
well equipped for a holophytic existence, and the ME 
ment, if any, cannot be considerable. Tobler (Gor) 
that P. urceolata is found on parts of Laminaria 
accumulation of organic detritus, and takes this a 
saprophytism. 

Better instances of parasitism are afforded by th i f 
are not only deeply anchored in their host, bu OQ NA 
reduction as compared with their immediate allies. Eran E. 
afforded by Ceratocolax (Phyllophoraceae), Ricardia and Fanczeuskia 
(Rhodomelaceae). Ceratocolax Hartzit (&57) p. 369, (425) p. 110, ba) 
P- 34, (558) pp. 545, 608, (s61) p. 29) forms branched pink-coloured 
tufts (fig. 216 A, B) on Phyllophora Brodiaei. The degree of penetra 
tion of the host varies; sometimes the medulla is invaded and some 
of its cells killed, whilst in other instances (fig. 216 C) the parasite 
merely spreads beneath the “cuticle”, sending haustoria into the 
walls of the underlying cells. Greater reduction is seen in Callocolas 
neglectus Schmitz (Callymeniaceae; (29) p. 316, (389) p. 31), which 
forms minute white growths on Callophyllis laciniata.! 

The mature individuals of Ricardia Montagnei? ((9 p. 74 (9 
P: 211, (03) p. 484), a close ally of Laurencia upon which it is um d 
found, appear as elongate or pyriform, bright red, hollow E 
(fig. 216 H) of about the size of a pin’s head; they have a sev"? 


layered wall and are anchored by an elongate rhizoid (7) which pen 
inate (0 


(cf. p.55] 


he 
Most part only attach 


Weyer, 
Clearly 
uptake of nutr: 
P- 85) points out 
Where there is an 
S an indication of 


P: 230, (387) p. 95) within the apical depression of the latter 


2 bnomt 

` 1 Chemin ((129) P- 437) suggests that Callocolax may merely beans 1 

evelopment of the host-plant. viet éi © 

K There is difference of opinion whether the Californian Rede ‘tic Rhod 
yl. is a distinct Species (cf. (404) p. 43, (613) p. 60): Other paras 

melaceae are Pleurostichidium (292) and Sporoglossum ((4°5) P: le 
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itic Florideae, A- 
types of growths on SE 


Laubach: “Pression of Laure 


al i 

2 Hes of a young thallus; K, early stage in development 
SJ, Janczewskin: a (in D-G), apical cell of mature axis; br, branch; 
a : D, pericentrals; z, rhizoids; st, stalk; z, trichoblasts. 


i E er Kylin; I after Killian; J, K after Falken- 
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d fig. 216 1), and the germlings attain à 3 
SE (r) begins to pierce the underlying tien 
stage (fig. 216 D)a three-sided apical cell (a 7 
the top cell, the rest of which gives rise to a trichob] 
lying cells form pericentrals (fig. 216 F, p)and Sone Ser 
(fig. 216 H, st), the lowest cells of which May grow ce the ial sh 
(r). The mature vesicle is formed by the apical an ae into dea 
that of Laurencia (p. 558), each segment Po ich divides is 
secondary vesicles (fig. 216 H, br) may arise from SH a trichoblay. 
stalk. In cultures the germlings fail to develop beyon PA cells of 
and this is regarded ((339) p. 231) as evidence of inca 2 à certain stage 
autotrophic existence. A comparable degree of GE for a further 
by the Antarctic Colacodasya inconspicua (Reinsch) S, is exhibite 
p. 658, (os) p. 65) which is parasitic on species of pr iie (ts 

Most species of Fanczewskia ((s4) p. 71, (192) e er 
p. 8, (65), (727) p. 348)? occur in temperate seas as Sech 83, 64 
(fig. 216 L, Ja) on Chondria and Laurencia. The ed BECH 
J. verrucaeformis is pale yellow (cf. however (616) p. 8) inda d 
viduals are probably for the most part heterotrophic: devel € indi. 
are practically white. The cushions consist of a UIN oh 
or less coalescent fronds (fig. 216 L; less markedly fused in Tu. 
manica Falkenb.), having a similar structure (fig. 216 J) to those i 
Laurencia and arising from a system of endophytic filaments (fig. 216 
J, K, Ja), which are probably formed first; their cells are stated tole 
joined by pit-connections with those of the host. The latter does not 
appear to be weakened, although there is often a sharp bend at the 
point of attack. 

Gonimophyllum. (en, (382) p. 95, (405) p. 34, (487) p. 82, (619) p. 394 
(638) p. 50), parasitic on Cryptopleura and other Nitophylleae, shows 
similar features. The minute, pale pink leaflets arise in tufts from the 
hypertrophied tissue of the host, within which lie the endophytic 


still of doubtful systematic position (p. 650) 

A, ch), which form the visible part of the parasit 

as big as a cystocarp of the host, are white or brow 
! The Colacodasya described by McFadden (39) is, En 

(Gros) D: 46), also one of the Rhodomelaceae and not a mem 
Benzaitenia (761) shows similar features. 
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d tobe 
eS not 
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shows 


ym the 
phytic 
0 pro: 
usual 
netra- 


par- 

n 
ph CH, A, Choreocolax Polysiphoniae Reinsch (ch) on Polysiphonia fastigiata. 
ike. Nn hee mirabilis (Reinsch) Schmitz & Reinke, pit-connections (pi) 
nd in dictyon spon m of the parasite (4) and those of the host (Ao). D, Cerato- 
which j aset = Zanard., transverse section of a branch; r, alga; s, sponge. 
nd are cells; c, E GE van Bosse, longitudinal section of thallus; a, axial 
7.217 d alga; s, matrix ar SCH algal cells; /, lateral; m, moniliform chains formed 
abot! Ssenvinge: D Atom IN ee spicules of sponge. (A after Sturch; B, C after 
a old : Skenasy; E after Weber van Bosse.) 

ae com B 
Kb 8 SIC on a Species of Harveyella is H. mirabilis! which is para- 
acd a 


a subfusca; a second species, H. pachyderma (Reinsch) 


1 
Chor, ; 
See po ve mirabilis Reine 


ch; C. ; ; i 
2, (112), CDD ae albus Kuck. (356). For other literature 


» (558) p. 494. 
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Batt., parasitic on Gracilaria confervoides, ig referred 
p. 599) to a distinct genus, Holmsella, owing to differen Y Sture 
tion (p. 650). In both the endophytic filaments Ces in y 
lamellae of the host (fig. 217 B, h) and their cells eu 
pit-connections (pi) with those of the latter (ho), wur lish g 
direct connection is made with the pits of the host, Stine 
of the cells is infrequent ((657) p. 28). In Harveyel] 
attacked hypertrophy and some of the resulting cells à 
corporated in the tissue of the parasite ((356) P. 986). In © become a 
endophytic threads sometimes give rise to Secondary cu pa colas th 
These genera appear to be multiaxial, the medulla s tons, 
branching filaments, while the small peripheral cells of positing D 
arranged in rows. The cushions are covered by a Selen € Cortex are 
which, in Holmsella pachyderma, is as thick as the cortex OUS e 
((558) p. 495) records probable leucoplasts in the cells of } 
Little is known about the early development, The fi 
Choreocolax is stated to be external ((to2) p. 5 1, (sat) p, 
filaments arising secondarily. Sturch ((657) P. 30), 
suggests that the spores of Holmsella obtain access to the interior of h spong 
host through the crevices left after the escape of its Spores; Age à spongi 
to Chemin ((112), (129) p. 443) the spores of Harveyella mirabilis si 
allowed to germinate on glass slides, develop phycoerythrin and pro- India 


e 


rst Browth in 
51), the endophyte 
on the other hand 


duce a circular dise with radiating peripheral threads which are sup. | tal 
posed to penetrate the host. This requires confirmation. ‚son 
: Si o Schm. 

The highest degree of parasitism is probably realised in forms lile fing 
Colacopsis (fig. 299 E-G ; (192) p. 531,2 (405) P. 61, (599) p. 452) and thesp 
Stromatocarpus ((192) p. 185, (619) p. 395) (Rhodomelaceae), as well as that d 


Fur 
Tham: 
(27) p. 
branch 
cells o 
tips to 
tached 
cells (i 
Doug 


Choreonema (Corallinaceae), in which the entire vegetative system is 
endophytic and the fructifying fronds alone appear above the surface 
of the host Stromatocarpus is found on Polysiphonia virgata at the 
Cape. In both the Rhodomelaceous genera the polysiphonous repro- 
ductive shoots contrast markedly with the uniseriate endophytic 
threads. 
The vegetative parts of Choreonema Thureti ((4ss), (659) p. $31 
Melobesia Thureti Thur. & Born. (652) P- 54, (692) p. 96; Ends 
Thureti Ardiss. (19) P: 451) are completely enclosed in the tissues S 
Corallinas in which no kind of deformation is produced. The u, 
of the parasite (fig. 161 B, c) becomes evident only when Be 
ficial conceptacles are formed.“ The branched SE 
consist of elongate cells which cut off two or three sma arable to 
these have been regarded as arrested branches or as comp 


19), (729) P; i 


* Choreocolax pachyderma Reinsch. Wilson ((747); cf. also © which probi? 
records on Californian Gracilarias a parasite, Gracilariophila, v 
belongs here (cf. (185) p. 230). 

As Colaconema (cf. p. 424, footnote). 

* Cf. also Gelidocolax ((236) P- 340).. ‘pl. 201) 
“ The lateral conceptacles figured by Harvey ((275) P": 
squamata belong to Choreonema. 


Call 
(ray, Sig 
globul; 
Cystocl 
mu 
ge 
which 
and, ac 
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sof Melobesia. In Melobesia deformans Solms-Laubach 


| Il ; : : 
ch (m I dengt" Chaetolithon deformans (Solms) Foslie), which attacks 
Produ f GER species of Corallna, the infected segments become 
SCH aalt, branched, and their tissue may proliferate to such an 


seh, only the apertures of the conceptacles of the parasite are 


Ke axtent 

“tration ft uncovere®- h ng th lefinite j 

IE par | is Peony genau: among te more definite instances of 
s d It Ge among Florideae, host and parasite usually belong to the 
as thy Vier often indeed to the same family (cf. (618, (619)). This 


isation iS striking in view of the usual growth of Seaweeds in 


in F gea emie pres p o of hosts is available. The 
ME it degree of damage to the hos, eo 
pus Boso the slight ege 2 ge o the host, since there is no 
Die La evidence of any marked mortality as a result of the parasitic 
Wth in attack. 
a Diverse neunten are SN, GE between Florideae and 
Ee sponges: One a ER striking is urnished by Ceratodictyon 
od ‚engines (069); Cus tesettia spongioides Hauck (285), (287)), a member 
pro of Gracilariaceae found in deep water in the Mediterranean and in the 
d pro. Indian and Pacific Oceans. The terete branches of the cartilaginous 
RS talus (60 p. 40, (446), (599) p. 388) anastomose to form a network, which 
is poe ane in the body of the sponge (Reniera fibulata O. 
E. pay) the latter à > POP the meshes (fig. 217 D, s), the fructi- 
e e Ce g ne projecting beyond the surface. Although 
ponge can lead an independent existence, there is so far no evidence 
vell as that the seaweed can do so (cf. also (s97) p. 145). 
ee vu pe are SE by species of the Southern genus 
at the (mp. 250). In T. Treubii (hg. À = E te p ps a RE 
a cher ern ud g. 217 5 ) the axes with their many short 
hytic cells of the alga here estie ere 1 De ui a REN 
hts n EEE 5 nicellular processes, giving rise at their 
M. E Oe ar (m), the outermost of which become de- 
8 als () contain à eee e merir of the sponge (s); the detached 
Eo Title is often cane epee grains of starch, while their 
sence Gall-like growth SE 
E ln, tp, 659), are SE Which in part at least are possibly due to Bacteria 
"m thbular or Mae uncommon on certain red seaweeds. Such are the 
ents; Orte purpura swellings, with or without pigment, found in 
jle to Phetical galls o um“ ((109) p. 445, (589)) and the spherical or hemi- 
D. Séo, go ring on the older fronds of Ahnfelti 
143) Which +3 C% p. 395); in th 1 EM ne ara 
baby Undergoes AM the latter they consist of cortical tissue only, 
hoy, otding to Chem; Sive disorganisation from within outwards 
Such a gall in UD (G25) p. 343), Harvey ((276) pl. 288, fig. 3) 
a 10n. In Cystoclonium Rosenvinge ((s58) p. 594) 


1 
Chore 

onthe 0lax Cyr En : 
hs ((558) p. eee Kyl. ((369) p. 127) may be identical with these 
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found no Bacteria within the galls, but in C. 
they cause perforations 1n the fronds, Chemin ((125) HS (og) 
another French worker (92) has Succeeded in pre A 2- 321) States 
tures from them and in causing gall-formation De Ting bac tee 


) 


hondrus cri 


eri 
Noculation CU 


latter or with an extract of the tumours. The n With 
palmata are due to Copepods (24). galls of Riede 
Chondrus is often attacked by the Pyrenomycete | 


marina (Rostr.) Lind. (cf. also (768)). Diverse Chytridi neie, 
(440) p. 76) and Phycomycetes (783) h Deae ((ta8) p à 


ave been Teported on Floris 
ae, 


. SPECIAL MORPHOLOGICAL AN : 
13. 5 D BroLocicar, FEATURES 


(a) Light-reflecting Bodies 


Diverse Florideae, mainly inhabitants of warmer seas, show 

green iridescence (66) P- 419, (37) p. 685, (187), on WH blue or 
exposed to strong light, which is due to reflection of the pn When 
by bodies situated within the peripheral cells, 'The BE 
shown by Chondria caerulescens and certain other Ceramiales en. 
of Callithamnion, Laurencia, Nitophyllum, etc.), as well T MDC 
Rhodymeniales (species of Champia (o6) P- 393; Chylocladia Sp 
Gastroclonium); it is not recorded in the Northern Species of the latter 
((558) p. 578). The bodies causing iridescence are usually situated i 
the vacuoles and often in the main consist of protein (Callithamnion, 
Delesseriaceae), although those of Laurencia are stated (Con) p. 81} 
to be of the nature of tannins. In bright light (fig. 218 B) the bodis 
in question (r) are apposed to the outer walls, while the chromato- 
phores (c) occupy the others; on transference to diffuse light (fg. 
218 A) the relative positions are interchanged, the movement of the 


chromatophores being accompanied by amoeboid changes of shape Fg 2 


In Chondria caerulescens ((37) p. 693, (266) p. 280, (349) p. 433, 44) tie Ce 
light-reflecting bodies (fig. 218 E, r) consist of aggregates of yellowish Chon 
granules which are readily soluble in potash and slowly dissolve in fresh len 
water. Those of Laurencia ((197) p. 81, (266) p. 283, (713) p. 488) appear (4, Ba 
large spheres which are sometimes confluent. For the most path br : 
ever, the bodies responsible for the reflection of the light are T The 
highly refractive masses, yellowish or milky white in colour a 685) a 
hibiting a definite structure. Thus, in Chylocladia kaliformis (65 P: DY par 


ad. in the D 
and Gastroclonium clavatum (444) p. 662) they are lane are o Ge 
former with numerous small spherical bodies between D. m : Ia 
fig. 218 C). Berthold regarded the spheres as the E Ter) DER Ge 

7 DH 


. The light-reflecting bodies of Delesseriaceae (($ N 
similar structure. In strong light they become more à 


B . D P eS; in IE ; 
Owing to an increase in the quantity of the spheres; ! ognisable ? So 
the other hand, the lamellate structure again become a portio S 
by degrees the masses (fig. 218 B, r) break up into foes have De A f en 
which pass to the side walls (fig. 218 A). The sober usgk | É 


5 aceo! 
garded as photosynthetic products laid down in a prote" 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridw; 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


LIGHT-REFLECTING BODIES 585 


nt bodies would, however, seem to be of diverse 
her study is necessary to elucidate their chemical 


e jridesce 


^ wh Es urt 
es h frit! Bei p. 82). SÉ 
tial cu pure amnion ((197) p. 75, (#4) p. 660) the globular iridescent 
vith th if Calli MEI several in number; while in Seirospora ((197) p. 77) 
Tyne, podies are rally single ‚in neither instance do they show any structure. 

doy ate en due to granular contents in the subepidermal cells, is also 
lar, E wett Gaia furcellata (G7) p. 697, (226) p. 379, (266) p. 287), 
XS recorde al refractive spherical bodies in the surface-cells of A 
ideae, while the a coronopifolius and Plocamium coccineum ((@sı) p. 264) f 

Sphaera il a similar light-reflecting rôle. 
ES pear 

p 

blue or | 
)) when 
r Waves 
enon js 
Species 
y some 
lia and 
e latter 
ated in 
amnion, 
p. 81) 
bodies 
omato- 
ht (fig 
of the 
“shape. / 

Fig. 218, Light-reflecting bodies. A, B, Nitophyllum sp.; A, surface-cells in 
44) tie SCH in light of moderate intensity; B, cell in surface-view in strong light. | 
llowish EE reflexa Lenorm., cell from the surface in strong light. D, E, | 
ie moderate LR (Crouan) Falkenb., cells in vertical section, D in | 
pears (A B after GE light. c, chromatophores; 7, light-reflecting bodies. | 
1 ir aber; C after Berthold; D, E after Mangenot.) 
singt ji : Se | 
S Nin of iridescent bodies has usually been regarded as u 
p. 685) Y partial refi ction against the injurious effects of strong insolation | 
in the ties are GE of the light. Several iridescent Mediterranean | 
lae (ch abitats kin SEN inhabitants of grottoes and other shaded 
us Sggests that the D where such an explanation is inadequate. This 

unction of these bodies may vary 

paguè aio 
dt? 
m iir. Hora (P) Vesicular Cells 
) F dea E 9 
Dt Van mito especially on the younger parts, small cells with 
round Mopeneo ast and a prominent vacuole with highly refractive, 


S, and 
generally colourless contents. In certain species 
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these vesicular cells are rich in iodine (iodine 4 
Sauvageau (s69) p. 32), the presence of which Se, d due N 
colour assumed by starch-containing Paper on ¢ Shown y the cl 
weeds in question ( (53) p.79, (544). Such cells are cuum With Dhe 
by cyanin, which stains the ordinary cells blue, Th ae dee, 
Ie y 


e 


Fig. 219. Vesicular cells (after Kylin). A-C, Trailiella intricata g. Ag.) Batt. 
D-G, Falkenbergia Hillebrandii (Born.) Falkenb. H-L, Antithamnion plant 
Thur. a, apical cell; br, branch; c, chromatophore; i, iodine-cell; f E. eg 
?, pericentral; pi, pit-connection ; pr, cytoplasm; v, vesicular cell; va, V^ 
aS GU 
teristic of the Bonnemaisoniaceae (fig. 165 I, J, v; (9) Eh 
P: 39, (251), (372), (390), (s70)) and are also met with in certain 
(T: railiella, fig. 219 B, C, 7; Falkenbergia, fig. 219 E» F, 
species involved occur in Southern seas. 
_ The distribution of the vesicular, cells has already ^ 
In Bonnemaisonia asparagoides (p. 482), where t ey g ears H 
fluorescence when viewed in reflected light, and it aPP 
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co 
h y wer 


ji d stated 


Squyageau ((569) p. 31; (571), (573) p. 78, (574); cf. also (495)) was of the 
au 

opinion that 
evidence speak 


out treatment with acid, which is believed ((155) p. 66, (156) p. 266, (388) 
p.73) to be due to oxidases. These occur in considerable quantity in 
certain Red Algae ((241), (242), (388) p. 77, (534)); for peroxidases see (773). 

The seaweeds under discussion contain considerable quantities of 
iodine (cf. also (344)), in Trailiella about o:5% and in Bonnemaisonia 
asparagoides about 0-3 % of the fresh weight, whereas the amount in 
other Rhodophyceae is much smaller ((388) p. 59). Kylin ((390) p. 219) 
of the opinion that the ordinary cells contain alkali iodides, the 
presence of which is shown by the reddish needles appearing after 
aiment with cresyl blue ((385) p. 241, (388) p. 53, (443)), whereas the 
ee merely assume a greenish tint, ascribed to the liberation 
à € ne The function of these cells is still problematical, but there 
Du RAN that forms possessing them are avoided by animals; 
pon erection of iodine on the collapse of the older cells may 

esicular Ge by epiphytes (cf. (384) p. 281, (602) p. 217). 

E. 185 B ce Which do not contain iodine, occur on the branchlets 
Wp, 53, ec ) ES H, v) of certain species of Antithamnion ((36) p. 516, 
fer) (6 DUO D (93) p. 373, (390) p. 222, (476) p. 64, (481), (569) p. 6, 

See 39) p.67). In the mature cell (fig. 219 L) the protoplast 
Hued blue Be Cap, while the contents of the vacuole (va) are 
Vegetative Sn blue. The osmotic value :3 higher than that of 
ine tee b 40). Sauvageau ((572) p. 8) concluded that these cells 
CT " Tomine ( bromuques”), but this has been disputed 
B 36) very tittle a 225) by Kylin, according to whom ((388) p. 71, (400) 
à de this element is present. Similar vesicular cells are 

nder the name of Spermothamnion roseolum. 
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found in Platythamnion ((383) p. 51), in Antithamm: 
nt 


and in certain species of Ceramium (cf. (497) and D "la ( 
the storage of bromine has also been affirmed 


"»4] 
(96) 
p. 281). 


» € 
(c) Tendrils 
Diverse Florideae (Asparagopsis hamifera, fig. 32010 


purpureum; Hypnea musciformis, fig. 168 A e E Chstoclon 
eS, ` SS ' 
fig. 188 C; Laurencia virgata (612); dAcrosorium u j ridia i 


; acu 
NCınatum, etc a 


curved, sickle-shaped laterals which, after Contact with Ke f 
branch of the same or of a foreign alga, can form on with dem / 
€ Or mor 
d 


coils around it after the manner of a tendril (cf. especi 
these laterals the outer tissues are often more marke (85), Ty 
the convex face (fig. 220 H) and branches, Which co à developed or 
rudimentary till contact is established, are for the bur remain 
to that side; in Hypnea (fig. 220 H) and Acrosoriy St part confined 


i à ? z E m unci 
cells on the two sides differ in size. The tendrils of Ce the 
3 onium 


p. 220, (291) p. 372, (440) p. 69, (558) p. I, (742 d 
twisted structures (fig. 220 F), which oe form aaa long thin 
support, but more usually the curved tips are thicker dne i 
below (Asparagopsis hamifera, fig. 220 E, t; G21) p. 33, (265) m 
Hypnea (48s) p. 240; Ceramium hypnaeoides (493). The tend 
Asparagopsis hamifera are laterals of limited growth and are richly 
stocked with reserve materials. E 

In Hypnea (485) p.244) and in Calliblepharis lanceolata (top p. 217, 
(110), where certain of the long marginal proliferations act as tendrils, 
the tip curves after contact, thus decreasing the amplitude of the 
hook, while the apex resumes growth and forms a number of cili 
(fig. 220 D). Subsequently the cells on the inner surface elongate into 
attaching rhizoids (fig. 220 D, G, s), which are often thick-walled and 
commonly (Hypnea, Acrosorium) cohere in groups; the attaching 
system thus formed occupies all the surface-irregularities of the 
support. Nordhausen concluded that inrolling of the tendril and 
production of rhizoids is the result of a definite contact-stimulus. 
Ifa foreign alga is encircled, the latter exhibits no response, but when 
the tendril grasps another branch of the same alga both structures 
form rhizoids at the surface of contact and fusion ensues (Gon P-?^ Fig. 22 
(485) p. 247). ; ^ 

After contact the branches on the convex surface of the SE mith t 
develop and, in Acrosorium uncinatum, the hitherto small lobes ae 
them enlarge to normal dimensions ((48s) p. 268). Ser ER po ge 
of the part behind probably often results in vegetative RE rhizoids ae 
P- 27). The large cells of Griffithsia (428) p. 652) can put ep ini 
which, curving round other branches (fig. 185 H) or \ 
give rise to new shoots which become detached. Gardner (B 1 

1 Also certain species of Bonnemaisonia (e.g. B. californet 
P: 181, (236) p. 335, (387) p. 22), but not B. asparagoides. 


(fi 


MEN 


adjacent 
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EA 
clle 
| Digg 
another 
re firm 
89). In 
ped on 
remain 
Onfined 
tum the 
ım (te) | 
ng thin 
and the 
he par 
p. 108; 
drils of 
> richly 


P: 217, 
ndrils, 
of the 
of coll 
ite into 
led and 
aching 
of the 
ril and 
mulus. 
t when 
ictures 
p. 218, 


Fig. 220, A-C - , 
branches 8 C, Asparagopsis armata Harv.; A, prostrate shoot, with recurved 


With the s and new fronds (nf); B, tip of a recurved branch; C, the same, 


ndril ; n 
te kam uperficial cells (s) growing out as rhizoids. E, A. hamifera (Hariot) 


M Buc." ree a shoot, with tendril (t). D, G, Calliblepharis lanceolata 
up Sl Verse CH enclosing two branches (a) of Ahnfeltia plicata, in 
ie ranch of Calton G, region of contact between tendril (¢) and another 
Kr tendrils coiled Dlepharis (ca). E, Cystoclonium purpureum (Huds.) Batt., two 
Wei longitudinal Se one another. H, Hypnea musciformis (Wulf.) Lamour., 

Surfaces, m ton of tendril showing unequal development of tissue on the 
er (89 thetic Gen! xal thread; me, medulla; ms, meristematic cells; p, photo- 


y issue: e 
deli. Due d tissue at surfaces of contact; ¢, tendrils. (A-C after 
» £, G after Chemin; E after "Taylor; H after Nordhausen.) 
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Recurved branches (fig. 220 A, b), represent: 
growth and aiding in secondary attachment and ing late 
are found in Asparagopsis armata, although KE à 4 poli 
capable of twining (a4) P. 149, (679) p. ro), Afte ese Structures Sit fe! 
body the cells at the tip grow out into long thi T Contac; with ate h y d 
form an adhesive disc (cf. Plocamium, p. 492) SS B. 220 EN kl 

.growth, situated opposite the hook (fig. 220 À b. latera] of : h 
after contact, and this is often accompanied W, develo 8 vigo 
whole system. y detachment am | jc 


Fusions between branches of the sam; or of dd OF the E pl 
n 


Tals 


Giger 


Algae are not infrequent in forms lacking denne Ent Species of 

(104) p. 214, (454), (700) p. 301). It is again ee Kd p, rr n 
development, which is reciprocal only when parts A ed with die m 
concerned. Such phenomena have been an the sa © alga ap 
ciliata, Lomentaria clavellosa, species of Rion in Calliblephr Ch 
punctatum, etc. Ymenia, Nitophyllum 5. 


the AC 
the co 


(d) Wound-healing and Regeneration 
sideral 


In Florideae possessing a compact thallus 


o Ce en wou 
active division of the uninjured cells to form a kind nn EN by E 
(451) p. 9). Decapitated plants of Polyides and Furcellaria lle "ës, ndi 


produce, from the medullary cells at the exposed surface veris) 
D ads 


which in part originate from the more deeply situated cells (cf. Fucal 
p. 36 1) and give rise to a small-celled cortex. From such wound-tisss 
adventitious branches often arise. In Delesseriaceae ( 5 


Asa gt 
to dev 
aegagr 


(75) p. 12, Gr) (68) p 


p. 269, (367) p. 156) quite small pieces can proliferate from the midrib record 
According to Malkovsky ((441) p. 128) small fragments of Nitophylim | Pl 
` (Arescl 


punctatum regenerate readily, new branches arising from the apical end 
and from uninjured marginal cells, whilst the basal end merely forms 
an extensive callus. 
_ Among Rhodomelaceae ((192) p. 74, (698)) damage to the apex results 
in outgrowth of the central cell into a new polysiphonous axis. Both 
in this family and in Ceramiaceae regeneration easily takes place from 
detached fragments which first produce rhizoids, usually from the basal 
end ((119) p. 9, (447), (697) p. 563, (730)); in Griffithsia ((326) p. 124, (ll 
P- 673) single cells can form a new piant. Polarity is in general We 
marked, although Schechter (576) records reversal in fragments of 
Griffithsia after 24 hours’ subjection to a moderate centrifugal fus 
(cf. also (575)); diminished illumination ((697) p. 543) causes the aper 
of many Florideae to grow out into rhizoid-like threads. In QT 
a new axis often arises from cortical cells. Damage to 0r ee 
intermediate cells in Bornetia ((696) p. 297), Griffithsia (3), un wi Teor, 
and other Ceramiaceae ((719) p. 247, (733) p. 132) is followed Log wl 
growth of the adjacent ones to re-establish continuity. In Riad next Se 
(@79) p. 203) injury to a filament results ir active division oft IS 
intact cell. E es (pP: 466 7 Vas af 
Repeated reference has been made in the foregoing P P erse WY fF of Se : 
484, 588) to vegetative reproduction, which is efrected in diy source dE th 
and it cannot be doubted that in many Red Algae this is © 


pl 73) 
P. 243 
Crouar 


The ge 
Xe also 
which } 
"prod 
0 ga 
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lication (119), Specialised propagules are known only in 
ji multipit the instances described later (see pp. 627, 655) may 


gloridea ; A 


p T hacelaria-like propagules recorded in Polysiphonia 


bx f n. (69) p 311). 
| pe (e) Loose-lying Forms 


umber of perennial Florideae (Polyides; Gracilaria; 


a (426) E 86, (661) pp. 36, 111; Chondrus (688) p. 173; 


KI P : ée 
| ll ondria; Halopithys) are capable of surviving after detach- 


Col) the substratum (cf. also (5) p. 9). Sernov (610) records the 


pent £00 e of Phyllophora over an area of about 2000 square miles in 


em, The majority of such loose-lying forms ((ss8) p. 609, (s65) 
vk. in seas with a sandy or muddy bottom, like the Baltic (661) 
p.43) 0 where the salt-concentration is low and there is often 


d Adriatic (579); 5 ; ; 
tion. According to Schiller the loose-lying communities of 
a 


i Adriatic are composed of species that show marked indifference to 
f the water and are capable: of withstanding a con- 
siderable range of illumination and temperature. 

The loose-lying communities originate from detached’ individuals 
which are transported to their destination by currents. Multiplication 
iseffected by vegetative means, since most of the plants are sterile. 
Asageneral rule they are richly branched, while the foliose types tend 
to develop narrow segments. Sometimes they assume a globular 
æggropilous form, as in Furcellaria fastigiata and Rytiphloea tinctoria 
(698 p. 26, (558) p. 171, (579) p. 77, (661) p. 130). Such balls are also 
recorded in Peyssonnelia polymorpha ((226) p. 208), as well as in Litho- 
phyllum and Lithothamnion, cf. Lithophyllum expansum f. stictaeformis 
(Aresch.) Foslie (226) p. 244; Melobesia agariciformis Aresch. (276) 
pl 73), L. racemus (Lam.) Foslie (Lithothamnion crassum Phil. (526) 


Si and Lithothamnion calcareum Aresch. (413); L. coralloides 
touan). 


B. THE PROCESSES OF REPRODUCTION 
1. THE GENERAL F EATURES OF REPRODUCTION 


T 

ae OR of the life-cycle has already been indicated (p. 413; 

which Ren GEN me advanced Florideae it exhibits complications 

"production, as SE other classes. Most Florideae exhibit sexual 
0 pave a de F rst established by Bornet and Thuret (67), who 
ing memoir vs PHON of the organs involved; their epoch- 

Topniseq iei d S a résumé of earlier views (see also (672)). They 

f Carposporangia, formed as a result of sexual fusion, 


"quently 
arose, n 5 
te near at p Dot from the female organ itself, but from other 


Ay and 
se oft 9r remote—and they commented on the probable 


ese features i i i (0) i 
n classification. Further con 
e A firmation 


6), while Olt 


afforded b 
thmitz (se Janczewski(326) and particularly by that 


Manns (499) elucidated certain important 
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details of the post-fertilisation changes. The T 
progress along a diversity of lines, thanks espec 
tailed researches of Kylin, Lewis, Phillips and S č manya f 
Many Florideae possess distinct male and fem vedeliug "Vda 
several Nemalionales and Corallinaceae, for me E plants, alth 
(cf. (347) P- 236). Not uncommonly the male RES are moy 
the female (G47) p. 231) and they often See qu are sm KA" 
entirely after liberation of the male cells. Merh Ogether op y Al 
nature probably accounts for their rare discovery ge quent eme 
((676) p- 385). In Griffithsia Lewis (430) p. 241) RS DE Flori : 
plants with interwoven rhizoids, presumably the proq groups of four 
tion of the four spores of a tetrasporangium; two ores of germi 


E 5 > h Ina. 
male and two female, implying genotypic sex-determina 0 Were 
ion, 


Present ¢ 


(a) The Female Organs 


The female organ or carpogonium ((s86) p. 222) cons; "M 
basal portion (fig. 221 A, cp; D) Harbour Thea E 
usually narrow, elongate process (1), the trichogyne ((6 p. 1 m En 
constitutes the receptive organ for the male cells and ee B 
a very gelatinous membrane. The female protoplast, which ag 
some reserves, exhibits no contraction either before or after fertilisa. 
tion. In most Florideae the cytoplasm of the carpogonium is devoid 
of chromatophores, but in certain Nemalionales (Acrochaetiun, 
Nemalion, Batrachospermum, etc.) these are present in the basal pat 
and may even extend far into the trichogyne ((177) p. 446, (99) p. 110} 
The cytoplasm of the latter generally contains a nucleus (fig. 221 
C-E, £n; cf. (347) p. 210), which is a sister of the female one (f) 
A trichogyne nucleus has not always been found (cf. e.g. (380) pp. 2 
118), but its absence is difficult to prove conclusively since it usually 
degenerates at an early stage. It is probably a vestigial structure. fi. 

In most Florideae the carpogonium terminates a short, often 34 tamiu 
celled, lateral ((587) p. 107), spoken of as the carpogonial branch (es Ze 
221 A-C; 223 N, cb); the cell (su) from which this branch ane i hy 
termed the supporting cell (“'Tragzelle”). In forms with a oni bic 
thallus the carpogonial branch usually arises from an internal C p. here 


1 à intan 
(fig. 221 B), and it is the function of the trichogyne OE 


connection with the external medium. Such GE tips from 
however, often (e.g. Cystoclonium) arise neat the E roges 

cells situated close to the surface, although as grow! m special The a 
supporting cell becomes deeply embedded. In nee ear E 18) p 
forms the lower cells of the carpogonial branch 0 les, Ceramitt A We 


(fig. 239 A, /), but these are lacking in Rhodymenia as the el trom 
and most Gigartinales. In some members of DN Close; 
of the carpogonial branch contain several nucle! ( g (uw) p 75 


: cue ation 
n), and this may indicate arrested branch-formatio 


n 
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malionales the carpogonial branches are part of the normal 
put in most Red Algae they constitute accessory 
Moine cells of the carpogonial branches are com- 


a dilated 

ll and a 
D which 
only has 
contains 
fertilisa- 
s devoid 
haeltum, 
asal part 
)p. rio) 
(fig, 221 
one (f). 
) pp: 2 
: usually 


ture, 5 

Fig 221, Carpoyonjz On 

GE on of Florideae. A, Rhodomela virgata Kjellm. B, Plo- 
dl (its toria violacea (i En s.) Lyngb. C, Dumontia incrassata Lamour. D, Poly- 
As eli d, SEH GE E, Scinaia furcellata (Turn.) Bivona. c, axial 
compat h ypogynous celle: oc i CP, carpogonium ; f, nucleus of female cell: 
A al Le ogyne; fn, E » Pericentrals; sc, sterile cell; su, Supporting cell; 


AEN Tyne "us IS à 1 
GE the rest after Kylin) gyne nucleus. (D after Yamanouchi; E after Svedelius; 


ranches 
ps from 
sses thë | (b) The Male Organs 
SC, The antheridia fr = : A 
ec, 1 a Kn US Jlorideae ((s) P- 78, (258), (250) p. 175, (586) p. 222, 
Un tures RN P- 409) are spherical or oblong, unicellular 
ud j d € entire conte a single male cell or spermatium (@46) p. 80) 
à nf Se Toximity to UM As a rule they arise in large numbers in 

E. nother (fig. 222 B, 4) so as to form white or 


39 
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ale-coloured dots or patches (sori), visible to th 
antheridia (figs. 222 D, 1-4; 257 D), often a, SE naked ¢ 
produced successively from a common mother enii 3 a 
elongate (fig. 222 H, J, 7). The mother-cells (m) Which ; 9 dte 
p. 241) terminate short, often densely compas a Usus 
(fig. 222 A, B, J) and are invariably uninucleate © branch. 
reduced chromatophores and are sometimes a] Commo Y po 
((663) p. 62). They often form a palisade-like in  Bether A Sess 
more compact types. In a few of the mors D SSpecially 
(e.g. Batrachospermum, fig. 227 D) the medius Flor 
differentiated from the vegetative cells. T-cells are n 

As a general rule (fig. 222 E) the antheridia (a) f 
tuberances, which usually arise subterminally (hs. Appear as pro- 
successively (fig. 222 D, 1-4) from different sides : 
(m). As an antheridial protuberance develops na the 
the point of origin and enters into early prophase (Gane Shifts to 
completion of mitosis one daughter-nucleus enters n 222 E). After 
(fig. 222 E, a), while the other again passes to the base grp Meridian 
cell; there is difference of opinion whether the m the mother. 
resting condition before it divides again, and this is pea Dr 
feature. The antheridium is cut off by an oblique an 
ofthe wall (fig. 222 G). In Martensia ((663) p. 64) and in ceri ee 
instances (cf. fig. 238 C), in which the antheridia (an) arise SC 
and sometimes form short rows, the septum is transverse Where, 
in Chondrus crispus (fig. 222 J) and Furcellaria fastigiata (fig 222 k) 
there is a thick cuticle (cu), the developing antheridia successively 
pierce the latter. 

The mature antheridium commonly possesses a thick wall whic 
according to Grubb ((58) p. 243), sometimes consists of three distinc 
layers—a narrow deeply staining outermost one, an intervening 
gelatinous layer which swells considerably at the time of spermatium- 
liberation, and a narrow, highly refractive innermost one. The 
nucleus is large (fig. 222 H, I), while the scanty cytoplasm is usually 
quite colourless, although in Batrachospermum ((165) p. 56, (so p. 111, 
(583) p. 128) and Nemalion (G36) p. 333) it includes remains of chro 
matophores, at least in early stages. The spermatium is liberated 
through a narrow apical split in the elastic wall (fig. 222 C). Sereni 


investigators (e.g. (605) p. 239, (756) p. 410) report that the spermatium 


1 Diverse earlier workers (Thuret, Buffham) speak of such aggregates ` 
antheridia and of the individual ale Ee spermatangia (cf. (192) p 93h 
and the latter designation is retained by many recent wil il 
Kylin). It is certainly unwarranted to describe the whole complex 9 
A TN the name antheridium, while despite the Ken 

ed for using the term spermatangium (cf. e.g. (663) P: 77% < jan 
Oltmanns (6562) p. 361) that there iio Bu Fe double termine eho 
har as in other classes of Algae, the structure producing the mate 
be designated antheridium. - 
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ariable 
growth 
n other 
ninally 
ere, as 
22 K), 
ssively 


which, 
istinct 
vening 
atium- 
. The 
isually 
D, 111, 
"chro: 
erated 
everal 
atium 


ates as 
p: 93) 
delius, 
f male 
e been 
e with 


ped antheridial development in Florideae. A, Helmin- A 
en) Setch. B, Callithamnion corymbosum (Smith) 
ee violacea (Roth) Grev.; D seen from the surface; 
(uds) t 8. J, OE antheridia. H, I, Bonnemaisonia asparagoides 

A Lamour, M Rene (L.) Stackh. K, L, Furcellaria fastigiata 
a à antheridia » -eramium rubrum (Huds.) C. Ag., seen from the 


» am, a idi à À 

| adp indi eus; s, semen wall; co, cortex; cu, cuticle; m, mother- 
i Ja 7 Sate the ord 
+ huret & Beet of 
| ter Grubb ) Oo 


2 sa, secondary antheridia. The numerals in D 
aa Qi cement of the antheridia. (A after Kylin; 
> XG after Yamanouchi; H, I after Svedelius; the 
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5 » but 
disproveq M 
649), how 


present no evidence of dehiscence of the antheridia We here à 
of the primary antheridia, the same mother-ce]| ma, : terp do 
series (figs. 222 K; 242 G, sa) by proliferat orma n 


? MS invari 
prophase (fig. 222 I, L), without an evident nuce D be in 
r 


with a number of deeply staining chromatin granul n 
delicate threads. That of the mature antheridium ules unit 

prophase, but there is considerable evidence that poor m oft in 
passed through a resting stage. The male nucleus this ith 
prophase condition during its passage down the TUR 


9 as 
remains in the 


hogyne. 

There is difference of opinion as to the presence 
Guignard, Grubb, Yamanouchi) or absence (Kylin, Schmit 
of a membrane around the liberated Spermatium, although it; 
ally agreed that there is a delicate membrane in later Stages = Bener. 
in spermatia adhering to trichogynes. Grubb ((258) P. 244: cf + 
states that in certain species (e.g. Polysiphonia fastigiata) a e 
is recognisable around the spermatium before dehiscence of the Anise 
idium. The question is undecided, but the capacity for slight amoeboid 
change of shape exhibited by the spermatia of certain Florideae does 
not speak for the universal presence of a membrane. 

Svedelius ((674) p. 227; cf. also (347) p. 210), emphasising the resem- 
blance between an antheridial mother-cell after nuclear division has 
occurred (fig. 222 E) and a young carpogonium with its trichogyne 
(fig. 221 D), regards these two parts of the female organ as respectively. 
homologous with the mother-cell and the antheridium. The frequent 
presence of a constriction, accompanied by thickening of the wall, at 
the base of the trichogyne (cf. e.g. fig. 227 G), is regarded as indicating 
a former division into two cells. Schussnig ((604) p. 542, (605) p. 254 
(606) p. 242) and Kylin ((38y) p. 74), on the other hand, regard the ea 
carpogonium as homologous with an antheridium. This view i5 We 
on the occasional division of the antheridial nucleus (cf. below), s 
the usual prophase condition of the spermatium-nucleus i5 us 
indicative of a former division (cf. (258) p. 247). In EPUM 
hermaphroditum replacement of the terminal cell of the procarp 
antheridium has been recorded ((326) p. 117). 


(Falkenberg, 
Z, Svedelius)! 


(663) 
P. 26 


specifi Poly 
tely the same ` Ju 
in Moating D adje 
act wi H Some: 


(c) Fertilisation 


The spermatia probably often have approxi mai 
gravity as the surrounding medium so that they =: cont 
some considerable time. Their large numbers ens" 


emt: 
o à ^ 4 k Jess muc : Us 
trichogyne, the tip of which is evidently more Of RD se) | (ocr 


À See (365) p. 321, (371) p. 57, (375) p: 114, (376) P: 55% | tr, 
P: 222, (594) p. 231, (667) p. 256. ) 
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embranifolia ((s62) p. 78) the spermatia perform slow 


me l " Bl s us S E the carpospores and 
reel uin Be of certain Florideae, à x Boi perhaps of wider 
du, retras po ve, They will facilitate contact with trichogynes that do not 
cane me xed ly or are embedded in mucilage (cf. also (586) p. 222). 
ym ty pot imt of contact both the membrane of the spermatium and the 
m. Arche pol trichogyne are dissolved (fig. 223 A, B), leaving an open 
Së d bo the nucleus of the male gamete. In later stages the 
ane and pst. m-membrane appears empty (fig. 223 D, s), but the fate of 
ited by ER je cytoplasm is uncertain. In Batrachospermum the emission 
ften in Y r fi copulating processes by the spermatia has been recorded 
Sit has of defin 7, 651 (582) P- 128). 
in the s M pachospermum ((378) p. 158, (582) p. 128) and Nemalion ((136) 
A (77) p. 261, (748) p. 617) the spermatium-nucleus ordinarily 
oben divides after contact with the trichogyne, although only one nucleus 
deli fuses with the female. Among the more specialised Florideae no such 
ms. division takes place! and its occurrence in these relatively primitive 
pecially ypes suggests that the antheridium of Florideae may be derived from 
Iso (ag) an organ producing more than one gamete (cf. p. 596); traces of 
mbrane division perhaps persist in the invariable prophase condition of the 
We spermatial nucleus. dass 1 
oid Wille (746) first described in Nemalion the passage of the male 


s nucleus to the basal part of the carpogonium (cf. fig. 233 B), the 


apposition of the two sex nuclei (fig. 223 A, H, n), and their fusion. 


 Tesem- 
a The last process (fig. 223 F, G) has not often been observed ((42) p. 12, 
hogyne (378) p. 158, (506) p. LIT, (756) p. 415, (757) p. 95), but indirect evidence 
ectively ofthe production of a diploid fusion nucleus is considerable, and in 
requent a large proportion of Florideae fertilisation no doubt follows on 
wall, at contact of a spermatium with a trichogyne. As the male nucleus 
Join |^ advances, the cytoplasm of the trichogyne not uncommonly shows 
ae n a exhibiting numerous particles staining 
Hie let JERR OST, whilst the part in front is still homo- 
), while Fa short dus °) p. 34). The female nucleus seems frequently to move 
aken à vn nce upwards to meet the male ((499) p. 102, (746), (756) 
eut 
jan 
2 Hons moment of fusion (fig. 223 F) the male nucleus (m), in Poly- 
While the St consists of a dense aggregate of chromosomes, 
(68) fig, Où Wao IS In a resting condition (cf. also fig. 223 N and 
` P: 266), on th atrachospermum ((378) p. 158) and Nemalion ((377) 
spect ME Polis other hand, both nuclei are in a resting condition. In 
ing ff adjacent ne € membrane of the female nucleus dissolves at the point 
with 4 Somes differ, male chromosomes (fig. 223 G), after which chromo- 
ginou“ e. “Mate in the female nucleus and the two sets mingle with 
os, DÉI (sg) atin With tw. 


= nuclei have been reported in species of Lithophyllum 
RA (659) states that those of Corallinaceae exhibit 
Wision than are usual in other Florideac. 


later a... 2), While 
T Stages o S 
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Fig. 223. Fertilisation in Florideae. A, B, Batrachospermum SE 
Roth, post-fertilisation stages. C, Helminthora divaricata }. age i Carp 
fertilisation. D-G, Polysiphonia violacea (Roth) Grev., ee: m 

Passage of male nucleus and nuclear fusion. H-M, NGA corallità 
(Web. & Mohr) J. Ag., nuclear fusion and meiosis. N, Griffiths ranchi 
(Lightf.) Ag., passage of male to female nucleus. cb, GC hypo 
cp, carpogonium; dn, diploid nucleus; f, female nucleus; M mit . 
cell; m, male nucleus; p, pyrenoid ; pi, pit-connection; 5; QUE 
porting cell; t, trichogyne; tn, trichogyne nucleus. (D-G aite 
the rest after Kylin.) 
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The fusion nucleus then passes into prophase, its mem- 
98 and division commences. 


sta 
to cut o 
hypogynous ce 


(d) Post-fertilisation Changes and the general 
Features of the Life-cycle 


In Nemalionales the first nuclear divisions within the fertilised carpo- 
gium are meiotic (fig. 223 C, J, dn), but in most Florideae they are 
mitotic, reduction being postponed to the time of tetraspore-forma- 
tion. The fertilised carpogonium invariably puts forth one or more 
threads (fig. 227 H, g), the ultimate function of which is the produc- 
tion of asexual spores (carpospores), but the manner of formation of 
the latter varies in the different orders. In Nemalionales the haploid 
threads or gonimoblasts ((soo) p. 303), arising from the carpogonium, 
produce the carpospores directly (figs. 227 K ; 230 E, g). The threads 
in question are for the most part relatively short and well branched 
3025 to form a dense cluster, and certain enlarged cells (often ter- 
minal), filled with cytoplasm and food-reserves, constitute carpo- 
sporangia (ca), from each of which a single naked carpospore is 
liberated. The latter gives rise to a plant which again bears sex organs 
so that in the life-cycle of Nemalionales the zygote constitutes the 
pod Stage, while there are two haploid phases, the ordinary 
(d. pd the gonimoblast-threads originating from the zygote 
; ne) Such Florideae have been designated haplobiontic 
ar ORAE 42; cf. also E In several Nemalionales the 

ars Sporangia i I, p. 5I), 
mostly monospores (p. Ss gla forming accessory spores (I, p. 51) 


eis Florideae the threads, arising from the fertilised 
Numbers (fig epee diploid nuclei and are formed singly or in small 
With certain E E» S » €0). They grow towards and establish contact 
SS Consider ab] (a), which are situated near at hand or at a more or 
Se or rie € distance and are often specially differentiated by 

29) are dë RS in certain orders these auxiliary cells ((sse) 

"tees Y recognisable before the threads from the carpo- 
HE t 


ent incorrect use of this term, see (678) p. 39. 
W Special features (see p. 628). 
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Fig. 224. Post-fertilisation changes in diplobiontic Florideae (diagrams 

=D, Acrosymphytum purpuriferum (J. Ag.) Kyl. E, F, Gefier, cell 
bosum (Smith) C. Ag. G, Platoma Bairdii (Farl.) Kuck. 4, en of 
am, auxiliary mother-cell; cb, carpogonial branch; co, connecting nim 
cell; cp, carpogonium; dn, diploid nucleus; g, gonimoblast; PU À 
initial; An, haploid (auxiliary cell) nucleus; l, lateral; m, axial cell; A 


cell; t, trichogyne. (G after Kuckuck; the rest after Oltmann$: 


.CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


pOST-FERTILISATION CHANGES 601 


When auxiliary cells and carpogonia form parts of 
», reach 4 system (figs. 237 F; 256 B), the aggregate is spoken 
the s e Sa The threads that establish contact with the auxiliary 
dei Ee of as connecting filaments! IS Verbindungsfáden " of 
cells o9) P- 10), a term that is specially appropriate in diverse 
Berthold (re (Acrosymphytum, fig. 224 A) and Gigartinales 
(yyptonem 224 G), in which the auxiliary cells (a) are widely 
Platoma, ee the carpogonia (cp) so that the connecting filaments 
derable e In Qu specialised Florideae 
however, the connecting filaments are extremely 
(e being re resented merely by a small cell (fig. 224 E, co). 
sor? oint of contact (fig. 224 B, left-hand side of E) the mem- 

Att ove and communication is established between the cell of 
ee ing filament (co) and the auxiliary cell (a). Oltmanns (199) 
the hat this fusion is purely cytoplasmic and that the nuclei of 
E ting cell (diploid, dz) and auxiliary cell (haploid, hn) not only 
BIS use but usually remain far apart. The fusion with the auxiliary 
Ai however, affords a stimulus, since division of the nucleus of the 
connecting cell (fig. 224 D, dn; also often of the auxiliary cell, cf. (490) 
p. 107) ensues, and it is at these points that gonimoblast-filaments 
(fig. 224 G, 8) arise and that carpospores are produced? Among the 
less specialised types the same connecting filament may fuse suc- 
cessively with a number of auxiliary cells (fig. 224 A,.G) resulting in 
several centres of carpospore-formation, but in the higher Florideae 
there is fusion with only one auxiliary cell and, since there is often but 
a single connecting filament, only one group of gonimoblasts results 
from the act of sexual fusion. 

Ina few instances (cf. fig. 224 C and p. 641) the gonimoblasts arise 
from the connecting filament, but mostly the two diploid nuclei of the 
latter actually pass into the auxiliary cell (fig. 224 I°). While its nucleus 
(In) and one of the nuclei from the connecting cell disorganise, it is 
from the auxiliary cell itself with the other diploid (foreign) nucleus 
that the gonimoblasts are produced. One can speak here of a carpo- 
ie (33) p. 331), but, since the gonimoblasts of these forms 

€ obviously homologous with the haploid ones of Nemalionales, the 
term is not a generally useful one. 

Nn cells ((398) p. I41) are sometimes modified. cells of a 
d) butmore en composing the thallus (e.g. Platoma, fig. 224 G, 
ranches (4 S > y they are, like the carpogonia, situated on accessory 

Crosymphytum, fig. 224 A). Although commonly dif- 


them 
h- 


are of consi 
(a) Ceramiales), 


l 
At One tj 
im 5 
(502) p. 386) € also called ooblastema filaments. Oltmanns ((499) p. 102, 


` Speak i S 
M his earlier pus them as sporogenous threads, a term also used by Kylin 
N certain Flori 

; n F doe | " x 1 
cu ing auxilia le the connecting filaments first fuse with cells re- 
mul or X cells, but these nutritive cells (fig. 224 A, n) do not provide 
“Ur in some New SPOre-formation (cf. p. 635). Comparable phenomena 
emalionales (p. 614). 33 
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ferentiated already prior to fertilisation, in man 
267 A) they remain inconspicuous until sexy 
while in Ceramiales (figs. 270 A; 273 A) thei 
until after fertilisation. In these orders the a 
associated with the carpogonial branch. The Nature of 

cells is disputed; while Kylin ((:89) p. 75) looks upon them, E tilan 
vegetative cells, Schussnig ((604) p. 544, (606) p, 246) pt S Modified 
homologous with rudimentary carpogonial branches, gards them m 

In all Florideae, except Nemalionales, the carpos 
diploid, although they are produced from the goni 
tially the same way as 1n ‚haplobiontic forms. The car 2 
rise to a diploid plant, which usually resembles the " 
respects, except that it normally bears only asexual 
four spores (fetrasporangia, fig. 225). The two nucl 
sporangiumare meioticand the tetraspores grow int 
The life-cycle of these Florideae therefore includes a haploid sex 
and two diploid asexual phases (the gonimoblasts producin DE 
spores, the tetrasporic plant) and such Florideae are de RM 
diplobiontic by Svedelius ((670 p. 43). There are three ions 
generations, although there is only one alternation of cytologica 
phases in the life-cycle (83). The isomorphic alternation between the 
sexual and the tetrasporic individuals was first demonstrated experi- 
mentally by Lewis (430, 431). He allowed the two kinds of spores to 
germinate on oyster-shells which, with the germlings, were trans- 
ferred to the open sea, the tetraspores growing into mature sexual 
plants and the carpospores into asexual ones. The relation between 
the diplobiontic and haplobiontic types of life-cycle is discussed on 
P- 736. 

The naked carpospores sometimes perform gliding movements (t2) 
p. 224, (154) p. 1047, (562) p. 76), while amoeboid changes of shape ((6) 
p. 143, (111), (120), (129) p. 222, (363) p. 194, (692) p. 64), not necessarily 
associated with movement, have been reported by various observers. 
It is not known whether such movements aid in the adoption of a 
suitable substratum. Proliferation of carposporangia (fig. 227 E) Ze 
sionally occurs ((s86) p. 228). Chemin ((129) p. 220) gives data on té 
mode of liberation of these spores. 


pores are o 


f co 
ur 
Moblasts ; Se 


N essen. 
pores giy 
) e 
haploid one inal 
Sporangia formin 
ear divisions inthe 
osexual individuals 


(e) Tetrasporangia and Tetraspores 


The tetrasporangia ((s) p. 88) of the diplobiontic et A 
larged cells, which possess dense cytoplasmic E is cleanly 
almost invariably terminal on short lateral branches: , (fü zi 
evident in such loosely brenched forms as Callithamue" a compat! 
t) and Antithamnion (fig. 289 A), but even in genera wi p, where 
structure (e.g. Chondrus, fig. 263 1; Dumontia, US od position 
they are embedded in the superficial tissues, EE spores €! 


is generally recognisable without difficulty. The four 


eae are en- 
nd arè 
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TETRASPORANGIA 603 


)as in many Cryptonemiales and Gigartinales 
y (zonate m arranged crosswise (cruciate), commonly in 

E example in Rhodymeniales (fig. 225 E, t), or 
ane, Ed in a tetrad (tetrahedral) as in the majority of 
gr 


a of Florideae. A, Callithamnion corymbosum (Smith) 

B, Cystoclonium purpureum. (Huds.) Batt. (zonate). A 
rouan (cruciate). D, Delesseria sanguinea Lamour., E 
Tasporangium. E, Chrysimenia ventricosa (Lamour.) 
nontia incrassata Lamour., development of sporangia 

ae; t, tetrasporangium. (A after Thuret & Bornet: 

ter Kuckuck; the rest after Kylin.) 


ation in tet 


fig. 225 A, t). Different types may occur in different 
genus ((347) p. 216) and occasional transitions are 
Orideae, especially Corallinaceae, produce only two 
n the Sporangia (cf. pp. 655, 731). 


ores) i 
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The mature sporangia are usually uninuclea 
vegetative cells contain several nuclei (cf. however pai when h 
the cruciate type, the two nuclear divisions uM sant 
cleavage of the cytoplasm. After the four nuclei haves Precede 
definite position, the cytoplasm exhibits peripheral assu 
which, advancing centripetally (fig. 225 B), divide di invagin 
as many uninucleate portions. The young sporar, ia 
un p. 985) and the chromatophores are often indistines 
the mature spores. The liberated tetraspores are eae 
gliding movements, similar to those of the carpospores, m 
(558) p. 329, (562 P- 75), while Chemin ((129) p. 222) ; 
changes of shape. 


Cleavage of the protoplast is commonly accompanied bye 

: : he ingrowth 
of septa from the wall of the sporangium ((35) p. 374, (453) 
p. 358, (665) p. 302, (735) p. 162), but little detailed ee (sj 
available on this point. In Delesseria (fig. 225 D) the Stee g 
show a cellulose-reaction and, like the wall of the ot 
traversed by pores occupied by plasmodesmae (p). In the Gem, 
cruciate tetraspores transverse division of the contents ensues after the 
first nuclear division, the two halves then dividing longitudinally, the 
planes of division coinciding or not (fig. 225 C, E); septum-formation 
seems commonly to accompany the division of the protoplast in this 
instance, but it is not clear whether this is the rule. There are few 
available data (cf. (129) p. 219) as to the mode of dehiscence of the 
sporangia; according to Westbrook ((730) p. 67) those of Callithamnion 
(cf. fig. 294 K) open by a lid, those of some species of Antithamnion by 
anapical split. Proliferation of tetrasporangia is probably not infrequent, 
especially in the less specialised forms ((363) p. 191, (735) p. 162). 


te! even 


acuolate 
Even ; 
ked and 


Téporte 
records amoeboid 


(f) The Reduction Division 


Despite a few exceptions (p. 725), the tetrasporangium of diph- 
biontic Florideae is usually the seat of meiosis. This was if 
established by Yamanouchi in Polysiphonia (755), who thus on 
certain suggestions made earlier (se) p. 273). Since thet re A 
has been demonstrated in the tetrasporangia of a considerable num? 


. D o " . iscre anciês 
of diplobiontic Florideae, but there are considerable aea i cin 
tring about the q Proj 


as regards the details of the process, in part cen in (p. 413): Ge 
tion as to the relation between nucleolus and ate before som 
The tetrasporangium nucleus, which enlarges M chromatin ing 
meiosis commences, shows a conspicuous network Me (fig. 25^ zu 
granules at the corners and a large prominent uU during pi d 
B, L). In Polysiphonia (t56) p. 420) the spireme Io js is mor A 
phase affords evidence of a double nature (fig. 225 < uclear nm A 
js through the Tou gue d 


distinct when the thread again spreat is (fig. 226 77 
(fig. 226 F), after the rather prolonged synezesis (NB: 


. d. 
d : À be discuss ON 
1 The peculiar views of Heydrich (208) cannot p 
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"dipl M 
as first 
nfirmed 
eiosis Fig. Gea Dr ö E 
m * Rune Meiosis in the tetrasporangium. A-H, J, Ix, Polysiphonia violacea 
und Ge rev. (after Yamanouchi); A, mother-cell nucleus with delicate net- 
pancis iN CE coarser; C, parallel arrangement of chromatin threads; D, 
e que Prophase HE E, synezesis; F, nucleus emerging from synezesis; G, late 
113). tetraspore (29 UE H,metaphase; J, polar view of first mitosis in germinating 
helt somes), ] p» ARMORUM K, ditto of first mitosisincarpospore (0 chromo- 
romatin ing two qu RE virgata Kjellm. (after Kylin), transverse section show- 
Sot amour, tee ae nuclei in spireme stage. L, M, Delesseria sanguinea 
22 a Zsis, N-P Rh Su), L, nucleus of mother-cell in prophase; NI, syne- 
ng pt p diminution @ SE subfusca (Woodw.) Ag. (after Westbrook); N, O, 


js mor 8 (after We E P, diakinesis. Q-T, Laurencia hybrida (Deesne) 

EN i diminution of cho” prophase stages; Q, spireme stage, two nucleoli; 

Inesis, nn ne S, resting stage with several nucleoli; T, dia- 

£ = rosea (He (Gmel.) Lamour. (after Westbrook), spireme stage. 

à centrosome: ch m "Thur. (after Svedelius). c, chromatophores; 

1 Pit-connectio 7 Chromosomes; m, nuclear membrane; n, nucleolus; 
n; tn, tetrasporangium-nucleus. 
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quently there is formation of 20 pairs of 
gradually shorten to form as many gemini, one 
stage (fig. 226 G). By this time the nucleolus pa, PIC di 
spindles are intranuclear (fig. 226 H), with k 

pole (cf. also (166)); those of the second div; 
perpendicular to one another, appear as soon QN oed 
begin to separate. In the telophase of the Second diy © Chrom i 


: isi 980) | o 

ARTE , ss bv the c Is me E? 

nuclear cavity is cut across by the cytoplasmic cleavage, th Origin Le 
e 


The course of events is essentially the same j 
: 5 T; ; 4 in R} 
(fig. 226 I; (371) p. 62), Nitophyllum punctatum (fig. 2 Tome virgata 


Griffithsia corallina ((375) p. 117, (735) p. 165), S 3 B; d 
(G76) p. 555) and Rhodymenia palmata ((735) = Permothammion Ti 


first three synezesis was not observed and the spi 


2 A Ure was see 
somes were not found in Spermothamnion and Griffithsia. 1, Centro. 
ta, Int 


stages of the heterotype division the bivalents a ie later 
PA) E. 226 
A spireme stage has been reported in many other Florideae lb 
in Delesseria sanguinea ((665) p. 286), Griffithsia &lobifera ( » but not 
Lomentaria clavellosa ((680) p. 23), Corallina, or Stenogramn 2) P. 665), 
In the last three this has been correlated with the small RET EE 
chromatin content of the nucleus ((740) p. 573, (757) p dam fan 
(735, 740), using Feulgen’s nuclear stain, concludes that the Me 
always differentiate from the reticulum and that they exhibit no relati 
to the nucleolus. Svedelius, on the other hand, records an aggre a 
of chromatin around the nucleolus at a certain Stage in Delessera (ie 
226 M), a condition attributed by Kylin ((380) p. 107; see also a 
p. 576) to imperfect fixation. The former concludes that there is actual 
penetration and has more recently ((680) p. 13) given a circumstantial 
account of similar events in the (mitotic) nuclear divisions in the 
Sporangium of Lomentaria rosea (fig. 226 V), although no such phe- 
nomena are recorded during meiosis in L. clavellosa.? In Brongniartella 
and certain other Ceramiales peculiar conditions have been reported 
(51) p. 29, (515) p. 3, (605) p. 244), suggesting a possible passage of 
chromatin into the nucleolus during the late prophase, as has recently 
been affirmed by Geitler? also for mitosis in Spirogyra. The evidence 
in all these instances is inconclusive and further investigation 5 
requisite. E 

In diverse Ceramiales (Ceramium, Chondria, etc.) the SE 
fragments into a number of irregular bodies during prophase Ge 
Q, S). According to Westbrook several species (especially Nitophy 


re always short 


chromosomes 


fig. 
Punctatum) show a diminution of chromatin in the outer SE S t ; 
226 N, O, R) prior to diakinesis. At this stage ((375) p: 119, (# 5 d 
à i 
M mopsis sh 
^ Serie recent papers of Westbrook (735,740) and especially the 9 n 
on P. 169 of the first paper i mes D 
* Lewis' data (cf. also (6 he origin of chromos ot Pto 
(cf. also (605) p. 249) as to the orig factory (67) H oth 


fragmentation of the nucleolus in Griffithsia are unsatis 
Cf. Geitler, Ber, Deutsch. Bot. Ges. 53, 270-5, 1935: 
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(665) p. 296, (740) P- 579) the cytoplasm of the sporangial 


Which | "m d contains granules staining readily with basic dyes and with 
Kinesis, initial ofte lin. Their exact nature remains undetermined, some re- 
ed. The fae X en extrusions from the nucleus, while Svedelius and Kylin 
A each gordi eh to arise spontaneously in the cytoplasm. The scanty data 
Entateg E cons! feris of meiosis in the Nemalionales (136) p. 338, (377) p. 267, 
Somes on the 61, 67 P- 32, (679) PP. 27; 46) indicate the customary succession 
original wt, synezesis, and SE in most instances only 

S DH a 

st named stage has been observed. 

RH The haploid number of chromosomes (G47) P. 216, (679) p. 55) 

p. sl ears to approximate to 10 in most haplobiontic Florideae, although 
RE number is 20 In Ge (376) P- 556, (679)) and 
CS Ae is also that usually reported in the diplobiontic forms (cf. (735) 
Centro. . 169). 
he later 1 
fig. 226 (g) The early Stages of Germination 
but not Tetraspores and carpospores are nearly always heavier than water and 
065), tend to sink. The secretion of a membrane is possibly the result of 
rrupla, contact with a substratum (370), whilst attachment is in all probability 
ve due to the production of mucilage. The mature spores are nearly 
ae always filled with starch. The contents are deeply pigmented, but the 
elation chromatophores are difficult to distinguish and perhaps not fully dif- 
egation ferentiated ((129) p. 218). During the early stages of germination, as 
ia (f. the reserves -disappear, the chromatophores become apparent(s39). 
50. (mo) There is no resting period. There are usually no essential differences 
‚actual in the germination of carpospores and tetraspores ((173) p. 247, (428) 
stantial p.673, (558) p. 504), although some difference in size of the germlings 
n V has occasionally been reported ((339) p. 249). 

à phe- 
de The plane of the first division-wall is not determined by the direction 

ported of the incident light ((339) p. 237, (379) p. 22, (483) p. 185, (552) p. 128), 

age of pet 1 obler ((699) p. 150), without apparent evidence, supposes that 

cently s i550 in Griffithsia opuntioides. Kylin suggests that there may be an 

idence niluence of the substratum or perhaps of gravity (cf. however (37) 

ion is Plena. According to Chemin ((126), (129) p. 510) the spores of many 

EN e ere in complete darkness, although growth soon 

1 di exposed to light Ge Hl SC however, be resumed if the germlings are 

lm las: sunlight linens e sojourn in darkness has been too prolonged. 

ge ue, Spores very rapidly. 

Sei teristic s the method of germination, the bipolar type, charac- 

e thizoid and ne, where the elongating spore divides into a 
nopsi sharply i eae cell of an erect-growing thread (fig. 185 D-F), is 
sb Place GER to that found in other Florideae, where division takes 

@ Production of Y at right angles to the substratum and leads to the 

Others 4 prostrate thread or cushion (fig. 151 E-G). Kylin and 


(29) pp. 
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(a) that found in many Nemalionales and diy 
which a tubular prolongation from the spore s 
strate thread (fig. 151 C-G), while the Original spo 
depleted of its contents, remains undivided, and ii) «ny 
Gigartinales, Rhodymeniales, Corallinaceae andmost@ at foun 
in which the spore itself divides by diversely orientated ^ onmi 

a cushion-like mass (fig. 167 I-K). It may be kn wal 
differences are as fundamental as that beeen whe 
germination of the Ceramiales and of other Florideae, D 

process in individual forms have been given in Fe 
sideration of thallus-structure. eg 


erse Cr 
Onemial . 
€sMents to foils in 


ails of the 
oing con- 


2. THE HAPLOBIONTIC Types (NEMALIONA] Es) 


(a) Sexual Reproduction and Carpospore-formation 


The simplest reproduction among Florideae is met with in 4 
chaetium Many species are monoecious, although 4. corymbif cro- 
and A. rhipidandrum, for instance, are dioecious, the male Gebiet 
of the former being smaller than the female. There is no special aan 
gonial branch and the lageniform carpogonia (fig. 227 A, cp) are UM 
laterally on the filaments or terminate branchlets, which may simult- 
aneously bear protandrous antheridia (A. Thuretit, A. efflorescens (s) 
p- 115) or even sporangia; in A. gynandrum ((558) P. 89) antheridia are 
inserted on the carpogonia, while in A. efflorescens the latter may occur 
in an intercalary position. In A. violaceum (fig. 227 C) the hypo- 
gynous cell bears a few branches (br) which elongate considerably 
after fertilisation. ‘The oblong or spherical antheridia (fig. 227 F, a) 
are grouped at the apices of short laterals. In Kylinia ((s58) p. 143), 
in which the carpogonia are incompletely known, the antheridia are 
borne on narrow little-pigmented cells arising vertically from the 
creeping threads. 

After fertilisation the basal part of the carpogonium of Acro- 
chaetium (fig. 227 B) lengthens and the trichogyne (/) 1s pushed to ont 
side. The former (cp) undergoes one or more transverse divin 
and the resulting cells give rise to gonimoblast-threads (g); m A 


Fig. 2; 


N , t 
violaceum (fig. 227 C), however, four or five threads (g) arise front WC 
apex of the carpogonium without any septation of the latter. } im 


gonimoblast-threads are generally branched (fig. 227 E), the M 

cells usually alone producing sporangia (ca); in A. re 5. 

stance, carpospores are formed also from other cells of re aT 
The sexual reproduction of Batrachospermum? is very SIM rom the 

carpogonia (fig. 227 G) are terminal on branchlets ue Ch 
* See (68) p. 16, (177) p. 445, (254) p- 19, (387) P: 7: GORE 

(632) p. 157 (Balbiania). (582), (589) P: ie 
* See (17), (67) p. 144, (165), (326) p. 110, (370), (378) Br these iS pot al? 


(630), (65). The account of gonimoblast-origin in the last o. 
gether correct. 


Spermy 
Le 
Bonim, 
Sporan 
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(C afte 
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Acro- 
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s ((368) 
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‘occur 
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Fa) 
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in A, 
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orin- 
reads: 
. The 
n the 


p. 84 


Fig, 227, A-C, E 

^85 C, A. violaceu) 
Grpogonium (cp); 
blast with ripe de 


eran Jh 
moniliforn, 
ne R 
» fatly sta 


gium; cp, ca | a, antheridia; br, branch; ca, carpo- 
Zone car. POBONIUM ; e, enveloping threads; g, gonimoblast; p, plug 
je ichogyne; e spermatium; t, trichogyne. 
M; the rest after Kylin.) DS SP. > f, gy 
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basal cells (B. vagum) or also from other interna] an 
whorled laterals; they are sometimes borne on NS of € pr 
trichogyne (1) is separated from the body of he ical threads y | 
a constriction and, though commonly club-shapeq Ogor 

ably in form, a feature which affords a valuable diz Varies ¢ 
(670) p. 5, (631) P- 131); a trichogyne nucleus has 
The spherical antheridia (fig. 227 D, a) 
at the tips of the ultimate laterals. 

One of the products of meiosis of the zygote-nuc] 

a lateral outgrowth (fig. 227 I, cp) and becomes ar Passes in 
gonimoblast-initial (fig. 227 J, g1). The other T > the firs 
divides again, and this results in the formation of a seca ern 
on the opposite side of the carpogonium; further initials Initial (po) | 
duced in the same way. They grow out into branched tho ep | 
227 K),,the dilated terminal cells of which constitute car Ae (ig 
(ca). The gonimoblasts are commonly short and compact (eh e 
C, ca), but in a few species (B. orthostichum Skuja (641) p A B. 150 
of the branches extend over the internodes and thare radi ie 
groups of carposporangia; in B. ectocarpum the mature RN i 
sometimes project beyond the surface. The cells of the carpo mi 
branch usually bear laterals (fig. 227 G-J, e) which, in B. none 
and related species, form a loose envelope around the mature gonimo- 
blasts; this is more marked in Nothocladus (p. 738). The trichogyneis 
very persistent (fig. 227 K). 


d 
not bee 
are formed ee 


The carpogonia (fig. 228 E, cp) of Sirodotia ((379) pp. 7, 38, 63) 
p. 298) possess a characteristic abaxial dilation (d) within which the 
female nucleus (f) is situated. A more important difference is that the 
few gonimoblast-threads (fig. 228 F, g) extend over the internodes 
(fig. 228 G), bearing short branch-systems, the terminal cells of which 
(ca) form carpospores (cf. Batrachospermum orthostichum); in S. sucita 
the single gonimoblast-thread arises adaxially. 

Similar elongate gonimoblasts, extending horizontally through the 
cortex, occur in Cumagloea ((233) p. 398, (387) p. 10) and De 
((s99) p. 334, (681) p. 34) ; in the last (fig. 228 D, g) they how concu 
ramification and bear vertical branch-systems, the end-cells oe id 
form club-shaped carposporangia (ca). The carpogonial CE 
are here three-celled. The possession of elongate gonimobless gent 
probably imply any close relationship between the vaT Noth 
which differ considerably in vegetative structure (see ae SEN of dé 
P- 738). It is still an open question whether the pene ae Wi 
threads among the vegetative branches of the thallus 1s 4s (Mar 
any absorption of nutriment from the latter. 


pe 
3 ja closely 
Among the multiaxial Nemalionales, Helmmthoclad (380) p^ Pac 
sembles Batrachospermum in its reproduction (@°) P: IS 
the se | vede 


: ssibly 
t The nucleus recorded by Davis ((165) P- DM 
spermatial nucleus (cf. his fig. 27). 
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of which 
S. suecica 


ugh the 
rmonemd 
siderable 
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ches (d) 
does not 
„genen 
hocladıs, 


n of thé Fig, 228, A-C H à x 
ted wih Artan, B vautinthocladia Calvadosii (Lamour.) Setch.; A, mature pe 
S ani Schn itz, nd C, mature gonimoblast. D, Dermonema gracile b 

IDopon; SS WO goni ` SE j 1 7 "lin: EI 

"T Dën og DG 1oblasts. E-G, Sirodotia suecica Kylin; f 


andicarn o heen ? 
h » Part of matur d carpogonium; F, early development of gonimo- 


"CG gonimob] ; ` 

1 Ch. c. p, oblast, 3 P 

Kënni Bonium;; i. Say carposporangiums: ch. ER POSER 

Yedeliue. S8 S, Spermati 
eli Roger Permati 


89 f^^ 


E y d, process on carpogonium; /, female nucleus; 
e 


est after Kylin.) Su, supporting cell; ¢, trichogyne. (D after 


39-2 
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612 
. 148), although the usually three-celled d 

de p cb) are better defined. In H. Care SS branch 
carpogonium cuts off by approximately longitudinal walls (e Tig 
a number of cells which give rise to compact gonimob] S (fig. 
with terminal carposporangia (ca), while in H, Papen (i.a 
Go) p- 239) the first division is almost transverse: ee (Gon E 
distinguished by the fusion of the cells of the carpogonial po is 
fertilisation. There may or may not be an envelope of steril Tanch a 

yer enum, Batrachospermum, and Helminthoel AS fila 
primitive characteristics in the usual absence of A 1a e 
fusions, in the customary formation of Carpospores SE 
terminal cells of the gonimoblasts, and in the lack SC SC the 
envelope around the latter. Scarcely more Specialisation El 
Lemanea ((2) p. 203, (380) p. 8, (629) p. 21), where (fig „un 
carpogonial branches (cb) differentiate simultaneously win dis ) the 
(c), arising from the cells of the longitudinal threads pe Na | 
p. 464 (cf. also fig. 156 L, cb). In Tuomeya the carpogonial bise 
are spirally twisted and arise from the basal cells of the les S 
According to Atkinson those of Lemanea are usually situated Rn. 
primary laterals (basal cells) in Eulemanea, whereas in Sacheria thes 
commonly lie remote from them, sometimes even occurring within 
the antheridial zones. The carpogonial branch (fig. 229 A, B, D d) 
consists of a variable number of cells (in Eulemanea often bearing 
short branches), embedded within the wall, while the trichogyne (i), 
which is occasionally forked, projects slightly beyond the surface of 
the bristle. 

The oblong antheridia (fig. 229 F, a) are generally formed in pais 
upon cylindrical mother-cells (am), which are crowded together at the 
“nodes” (fig. 229 G-J, a) and terminate branches of the longitudinal 
threads. In Eulemanea, where the latter are profusely branched, the 
antheridial sori form rings (fig. 229 I, J, a), butin Sacherta they occupy 
the summits of projections (fig. 229 G, H, a) which are arranged ina 
verticillate manner. The young mother-cell usually bears a unicellular 
hair (fig. 229 F, h) which is pushed aside by the developing antheridis 
Fertilisation apparently occurs during the early months of the yeat. 


cb 


= E its inner side, 
The fertilised carpogonium enlarges and cuts off, on its nes shoy 
a succession of initials which project into the central cavity and B er 
which form goni 


rise to branched gonimoblast-threads, most of the cells of 

Carposporangia (fig. 229 E, ca). The nearly colourless carpospo 

liberated by decay of the thallus. N helmit- 
Greater specialisation is shown by Nemalion, of whic gated! The E 


res are atra 


plants are commonly dioecious, the male being AS: 
female. The carpogonial branches (fig. 230 SE 


6), (748). 
* See (67) p. 141, (136), (326) p. 113, (365) p: 323, (377) (s p. 91^ 
details relating to other species are given by Boergesen 


stituted D 
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Fig. ae Lemanea; A, L. australis Atk.; B-D, F, H, L. fluviatilis C. Ag.; 
1 3 L. mamillosa Kütz.; I, L. annulata Kütz; J, L. nodosa Kütz. A, longi- 


tudinal secti d i ) 
non of small part of bristle, carpogonial branch and carpogonium: 
i H c 

sow s C^rpogonial branch; C, transverse section of a young segment, 


fe owi ` ` d 
id give N Stage in development of carpogonial branches; D, carpogonial 
h form tonimoblaste: E. a carpogonia; E, longitudinal section of a bristle, with ripe 
res are ; F, development of antheridia; G-J, parts of bristles showing 


a 
rangement of antherid 


ial sori. a idi É FRI RS les 
Tidia mother-cell , antheridia or antheridial sori; am, anth 


; b, basal cell of lateral; c, cortex; ca, carposporangia; 


elit » Carpogoni : 
P Bending 7 Branch; cp, carpogonium; d, “node” (meeting point of 
eending eScending longitudinal threads); A, hair; l, descending and u, 
jn the hg ,9ngitudinal threads: JEn alle à Ares 
| Petmatium sp : eads; m, axial cell; r, surface-layer of thallus; 
ed bj Db Vichogyne, Ca’ Sterile threads on carpogonial branch; su, supporting cell; 


Cert E after Atkinson; G-J after Sirodot; the rest after Kylin.) 
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ordinary laterals and consist of 4-7 cells, the y Ca 
nutritive cells with only a minute colourless plastig "ich (hy 
bear a number of ordinary branches (/). "The À » While t 

projects slightly beyond the surface of the thal] 
formed on branches, which arise from the im 
(fig. 230 A, a) and consist of 2—4 cells (fig. 


ER 
: E. Ss 28 00K waren 
pigmented plastids and abundant contents; each cell K With non 
antheridia (a) around its apex. One or both male nucle; Die, 
pass into the trichogyne. €l (cf, P- 507 


Soon after sexual fusion the large zygote-nucl 
and the chromatophore divides. Thereupon t 
ments transversely into two cells (fig. 230 B) thes 

i » 1€ Upper 
(cpr) produces the gonimoblasts. Its nucleus divides aoa; 
half pas. es into a lateral protuberance, which is cut off EA d 
blast-initial; this is repeated several times so that a NDS. mem 
(fig. 230 C, 7) are produced. The lower carpogonial cel] (a) a 
ally fuses with the hypogynous cells (fig. 230 C, D, hy) and aoe 
the underlying cells (fig. 230 E, f), a process accompanied by er 
degeneration and one by means of which the nutriment in these 
is no doubt rendered available to the developing gonimoblasts Th 
threads, formed from the gonimoblast-initials (fig. 230 E, g) fen 
down parallel with the carpogonial branch and each of their cel 
produces on its outer side an upwardly curved 2-3-celled branchlet, 
the terminal cell of which enlarges to form a sporangium (ca); fre- 
quent proliferation of the sporangia is recorded (G30) p. 339, ra 
p. 620). 

The higher differentiation of Nemalion is shown by the presence of 
nutritive cells in the carpogonial branch, by the development of 
gonimoblasts from the upper half of the carpogonium only, by the 
marked fusions that occur subsequent to fertilisation, and by the 
special form of the gonimoblasts. Only one of the two nuclei formed 
in the first meiotic division is supposed to divide again (cf. however 
(136) p. 339, (748) p. 619). The reproduction of most species of Liagora 
(Ge) p. 69, (sr) p. 43, (389) p- 9) is in all essentials like that of Nemalion. 


N 


Other Helminthocladiaceae, of which Helminthocladia, CHE 
and, Dermonema (p. 610) have already been considered, de E 
specialised than Nemalion, although Svedelius: ((681) p. 32) ee 
occasional fusion of the fertilised carpogonium with the SUPO 
of the carpogonial branch in Dermonema (cf. fig.. 228 DIS anit 
In Trichogloea (91) the enlarged hypogynous cell functions im m 
cell. The dioecious Helminthora divaricata! shows muc 


Fig. : 
branc 
fertili 
, la 
F, an 
divisi 
L bra 


«with the hypo 
features as Nemalion (cf. fig. 230 G), although fusion E Geht: ihe 
8ynous cells is not so marked and the gonimoblasts becom the secon boy 
by sterile branches (fig. 159 C, Cy; 230 IL e) which arise 1r h the re 


and third cells of the four-celled carpogonial branch (fig: 23° 7 


y p. 221, 69?) P 4 
* See (67) p. 142, (326) P: 114, (365) p. 317, (387) p- 8, (673) P- 
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nchlet, 
1); fre- 
9, (748) 


nce of 
ent of 
by the 
by the 
ormed 
wever 
1agora 
nalion, 


agloea 
e less 


Fig, 2 

ecords kee Nemalion multifidum (Web. & Mohr) J. Ag.; A, part of a 
ng cel fertilised mr in antheridia and mature carpogonium; B first dor of b 
left). N later Stage Se (cpr, cp2); C, formation of gonimoblast-initials; p 
tritive di antheridia bran „lopment of gonimoblasts; E, mature gonimoblast: ¥ 
same me of ertilised (ab). G-I, Helminthora divaricata J. Ag.; G first | 
hypo- r oranch-system wiet Pogonium (cbr, cp2); H, mature carpogonium; 
oped nn Apogonium: S pe gonimoblasts. a, antheridia; ca, carposporangia: 
econd $ hee ly, hypopynong oping threads; f, fusion-cell; g, gonimoblast; 

2 roig; us cells; 7, gonimoblast-initial; l, lateral; n, nucleus; 


Such reat af, 9 SPermatium. + +.” 
fit after ky) atium; ż, trichogyne. (A and I after Thuret & Bornet; 


ne 
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envelope is also found in Trichogloea and 


indi N 
* 8). The antheridia of Helminthora form sous n emalig, | 
of the Jaterals (cf. also (85) p. 258). All Helminth n the termin. Ob) Ion 
have terminal carpospores. ladies oeh II i 
t 

The Naccariaceae and Bonnemaisoniaceae, which Sp o 
vegetative specialisation among Nemalionales c Show the prea fl 
evidence of advance in reproduction, although the 79), also af ES 
parallel. Here the hypogynous cell of the carpogoni r no compl, Ep D 
short laterals composed of nutritive cells with des al branch bear Ap 
231 A, B; 232 B, D, nu), which are gradually Cups enn (fg “A 
development of the gonimoblast. Except in Atracto 3 Uting the D 
lised carpogonium (fig. 231 F, cp) fuses with the hy T tora, the feni. l 
and establishes a direct connection with this T AS Cell (hy) 3 
Bonnemaisonia and Asparagopsis the fusions after ms butin 
more comprehensive than in Naccariaceae. In an ation are Mi 
moreover, threads originating from cells of the carpogo e genera, ( 
and more particularly from adjacent cells, comi A brand, 
compact investment around the gonimoblast (fig. 232 B à E orm a 
a fructification, provided with a special protective envelope "m 
cystocarp is often reserved. Se 

In Naccariaceae the fertile branches at first develop few laterals and 
exhibit little hypha-formation. The three-celled carpogonial branches 
(fig. 231 A, cb) of Atractophora ((68) p. 50, (387) p. 13, (766) p. 4o) and A 
the two-celled ones (fig: 231 D, cb) of Naccaria ((68) p. 52, (382) p. 14, | 
(586) p. 229, (766) p. 394) arise from basal cells (su) of laterals which alio 
bear short branches ; the small nutritive cells (fig. 231 B, E, nu) are cut E 
off from the hypogynous cells. In Atractophora (fig. 231 B) the fer- 
tilised carpogonium (cp) fuses with the supporting cell (su), while m 
Naccaria (fig. 231 F, G) the pit-connection between the former (cp) and T 
the hypogynous cell (hy), and sometimes those between the latter and iu 
some-of the nutritive cells, gradually widen (cf. Bonnemaisonia). EU 

The gonimoblast-threads arise from the carpogonium itself, singly matur 
in Naccaria (fig. 231 F, g), to the number of two or three in SE (p)a 
phora (fig. 231 C, g). Branching extensively, they spread HE Gë 
downwards and form an investment around the axial threads of s Je 
fertile tract (fig. 231 C; cf. Sirodotia, Cumagloea); their E. s 
branches bear terminal sporangia. ‘Whe photosynthetic Ee alt 
which these branches spread, exhibit abundant ramification, aie T 
is much more marked in Naccaria, where the fertile eque MNT (Asp 
ellipsoidal swellings on the fronds. Numerous hyphae n rend Peric 
internal tissueof theseswellings constitutes a dense pseudo pan cortical Whic] 
Which is surrounded by a broad and more loosely oblati tells 
region covered by an envelope of mucilage. "The SS with th j 
of Naccaria are stated to form secondary pit-connect 390): ee 
central cells and other elements of the fertile tract es Zen alt e 

The antheridial mother-cells are terminal on brant Ein ateral mi : k 


from the basal cells of the laterals ; in Atractophora Er 
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\ Naccaria, owing to slight elongation of the axial cells, 
TUM sori often constitute extensive colourless areas inter- 
de anther by the projecting pigmented tips of the sterile branches. 
ad only à DET. 

5 nemaisoniaceae, though more specialised, show con- 


np 
A. ni Bo n blances es Naccaria. Bonnemaisonia asparagoides ((87) 
e ge usn (679) p. 39)! is OUO UE while the species of 
h bag A b The sex organs are borne E ary laterals of limited 
ts (i dioc (p.480 which alternate irregularly; in Bonnemaisonia (fig. 232 
E vm ‘se directly from them, while in Asparagopsis they are 


G, m) they 2n! 


For such 
he term 


rals and 
ranches 
401) and 
7) p. 14, 
ich also 
) are cut 
the fer- 
while in 
(an | 
tter and Fig. 231. A-C, Atractophora hypnoides Crouan; A, mature carpogonium; 
fusion between carpogonium (cp) and supporting cell (su); C, young 


1). . 
| singly I Rm. D-G, Naccaria Wigghii (Turn.) Endl. ; D, young and E, 
Atraco- (cb) and Bone Hayoung gonimoblast; G, fusion between carpogonium 
ards and th carpogonial branch cp (OD Hee after Fest a, adel cells; 
y of the lateral; nu, nutritive Rs ug g, gonimab last; 1y, hy pogy nous Galis 
ndiculir ; ; S4, supporting cell; t, trichogyne. (After Kylin.) 
;. ami si 2 
Kä ike on their branches. In the male shoots of A. armata nearly 
parë Consists ofa limin. ^ ranches produce antheridia. The male branch 
that the sparagopsis) eS number of elongate axial cells, nearly all of which 
nchym Peticentrals s only the upper (Bonnemaisonia) cut off pairs of 
cortial Which they Which alternate in successive segments;? the laterals to 
the tells, each ive rise combine to form a continuous layer of mother- 
PY ! Phili Producing two or three antheridia (fig. 222 H). In the 
P 1) 
vil é ae c ne 349) gives a few details about the female branches. 
ural ml E en rm (5) p. 298, (114)) is suspected of being à distinct 


In descr; 
n describes the struct 


ure differently in Bonnemaisonia. 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


> 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


NEMALIONALES 


goniu 


in fusion nen] 
howing, diakinesis M 


hypogynous cell; F, diploid nucleus in hypo 


, Persisting. J, Chaetangium saccatum (Jamour. 
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matsonia all except the termi i 

ots of Bonnemaisonia a pt the terminal cell become 
: rb Ge later form the stalk of the solitary Cystocarp (fig. 232 

ail, aee of Asparagopsis produce only two fertile laterals, re- 

io) | the secondary laterals of two successive basal segments 
RE the resulting cystocarps are usually at right angles to one 
$0 
SC, enera the terminal cell of the female axis divides obliquely 
CL the upper segment (u) producing three groups of laterals 
E _cy) which participate in the formation of the cystocarp- 
D Ze the lower (/) cuts off three pericentrals, one of which acts 
m N supporting cell (su) of the three-celled carpogonial branch 
r E. C, su); in Bonnemaisonia the trichogyne (fig. 232 D, t) is long 
ind spirally twisted. The cystocarp-wall (fig, 232 B, H, e), which 
develops to à considerable degree already prior to fertilisation, is com- 
feted by laterals arising from all three pericentrals, as well as from 
est cell of the carpogonial branch. The hypogynous cell (fig. 232 
D,H, hy) gives rise to laterals, composed of nutritive cells (nu) which 
enlarge and increase in number subsequent to sexual fusion. During 
the early divisions in the fertilised carpogonium the nutritive cells 
fuse both with one another and with the hypogynous cell, thus 
ean material for the development of the gonimoblast (cf. 
Naccaria). 

In Bonnemaisonia the reduction divisions take place in the carpo- 
gonium, but only one of the four resulting nuclei probably persists. 
The gonimoblast-initial (fig. 232 B, g) is cut off internally from the 
carpogonium (cp), adjacent to a group of large cells full of nutriment 
(w) occupying the floor of the young cystocarp. The initial divides 
rapidly to form a several-layered disc and, as this happens, the nutri- 
tive threads (nu) connected with the hypogynous cell lose their 
n. Later the lower cells of the gonimoblast-disc fuse with one 
E Gar the nutritive cells (nu’) below, and with the supporting 
al x carpogonial branch (sometimes also with the fertile axial 

orm a large multinucleate fusion-cell occupyin the floor of 
{he cystocar: (fi I i i eee 
eds 8.232 I, f). The overlying gonimoblast-cells give rise 
T reads, the end-cells of which form sporangia (ca). The 
ystocarps (fig. 232 G, c). whi : i 
Hand opposite N 3 , c), which have a terminal aperture, 
B28) they k € primary laterals (22); according to Golenkin ((zsı) 
y Dear plentiful vesicular cells. 


€ fusion- 
Slon-nucleus of Asparagopsis passes into the hypogynous 


4, axial c 
ell; C, 
q D cyst 
tPogonjur, y: OCarp 


i Cal ; ca, carpos ium; i : 
MN is av ea ee posporangium; cb, carpogonial branch; 


e, Systocarp-envelope; dn, diploid and hn, haploid 
` gonimoblast-initial; hy, hypogynous cell: /, lower 
l j GC male branches; nu, nu’, nutritive cells; p, peri- 

Ment of termi. Permatium; su, supporting cell; t, trichogyne; 
Vedelius ) ^ erminal'cell. (A-C after Kylin; J after Martin; the rest 
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cell, while the carpogonium itself degenerates (f 

the hypogynous cell the diploid nucleus (dn) ae 232E, ). With 
meiosis (fig. 232 E). During the development i d and und h 
gonimoblasts a large fusion-cell similar to that of SC Or mo 
formed at the base of the cystocarp, bearing enti Onn "about, 


arposporangial thread® which are here Upper s 
ne. The axial cells in the lower part ofthe wi Ide the 
abundant contents and wide pit-connections, ES 

A similar specialisation is found among the e 

in the Chaetangiaceae, of which the mono Nemalion 
been fully investigated ((671); cf. also (68) p. 19, (617) Tell lg 
branches (fig. 233 F, br) arise from the pigmented e 4 antheridia 
laterals (p. 471), the mother-cells (m), which proe IS (pb) of the 
antheridia (a), being embedded in a layer of muse two or three 
by the outer walls of the vesicular cells (c). TA formed 
EN gonial branches (fig. 233 A) originate from the loose inet 0- 

just behind the apex. At an early stage the hypogynoüs cell ax 

B, D, Ay) divides longitudinally into four large cells (fig. 23 Hyak 
possess dense contents and often contain several nuclei ‘vil " 
first cell of the branch produces a few short threads (e). ; 

After fertilisation (fig. 233 C, D) the fusion-nucleus (dn) passes 
from the carpogonium (cp) through the enlarged pit-connection (po) 
into one of the four hypogynous cells and there undergoes meiosis 

(fig. 233 E, J). Three of the resulting nuclei gradually degenerate 
(fig. 233 H, I, te), while the fourth passes into the single gonimoblast 
which arises from the upper end of the hypogynous cell (fig. 233 H, g). 
The gonimoblast penetrates through the pit-connection into the 
empty carpogonium and, piercing the latter on one side, soon com 
mences to branch. In the meantime the threads arising from the fint 
cell of the carpogonial branch (fig. 233 E, J, e) multiply and form 
compact envelope (fig. 233 K, e). The hypogynous cells (hy) parti 
fuse and flatten out against the latter, while the gonimoblast gradua y 
fills most of the space within it. Many of its branches produce en 
of 2-4 sporangia (fig. 233 G, ca), while others (si) remain sterile e 
Asparagopsis). The dark-coloured spherical cystocarps, whichare n 
vided with an apical aperture, are sunk within the surface 0 
thallus. 


le brane hay 
€ 


= 


ly 
ly 


zum (69) 
A The mature cystocarps of Galaxaura (711) and Chatanga n 
P. 338) are similarly embedded. The lower cells of A (fig. 222 
branch of C. saccatum ((449) p. 119) bear short pa h 
cf. Bonnemaisoniaceae). Later the carpogonium a incre 

the underlying cell survives, while the cells Dn oeh e 
considerably in size. On somewhat slender data Martin ell si 
as in Scinaia, the diploid nucleus passes into the hypo 
subsequent formation of a tetrad by reduction, 


: Me: he richly 
good evidence of the occurrence of fertilisation: T 
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À carpo. 
al tissue 
(fig. a 
D) which 
hile the 


) passes 
ion (pu) 
Meiosis 
enen 
moblast 
33 Hg) 
nto the 
)n COM: 
the first 
| forma 
partially 
radually 
ce ros 
rile (cf. 
are pro- 
, of the 


Fig. 233. s, 


m In ER 
yogonl 
23% i fnimoblas 5 
gif Mouth the hy 2 
a i id Enns cell the one containing nuclei of the tetrad (te); $ 
Jes that ection of very vout Kun) In diakinesis within hypogynous cell; K, vertical Nr 
with Posporanyin ` ny fruit. a, antheridia; br, branch; c, vesicular cell; ca, X 
elh, ) 1 Ronimobja Py Carpogonium; dn, diploid nucleus; e, enveloping threads; 
re BP Inter. ES hn, haploid nucleus; Ay, hypogynous cells; m, antheridial 
rand NS ing Fes mucilage; i, nucleus; p photosynthetic cell; po, pore 
My threa pokonium and hypogynous cell; s, spermatium nucleus; st, 


0 Ronimoblast; t, 


trichogyne; te, nuclei of tetrad. 
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gonimoblast arises from the hypogynous SS toss: a 
eure wall’, while others Produce th Its brang es 
is no true envelope, the laterals on the lower Szen Arpospor, 
branch disappearing during the development GH he 

A narrow pore is formed above the resulting fruit the gonimo 

The antheridia of Galaxaura ((so) p. 112, (M 

formed in large numbers from the ends of richly us (342) bap 
which arise from the floor and sides of deem ranched N 
(cf. Corallinaceae). The antheridial filaments originate sr Wide cay 
((682) p. 595) and pe BREMEN Overgrown by adjacent Ose to the, 
the aperture, which progressively widens, results from de threa 
the overlying cells. Similar antheridial cavities, in 
occur in Chaetangium ((448) p. 171). » in part 


(b) General Survey of the Life-cycle 


Kylin emphasises that the uniaxial and multiaxial Nemalional 
be regarded as distinct developmental series, a point of vi 
receives considerable support from a consideration : 
ductive features. In each series definite nutritive cells are different: 
ated only in the more specialised forms, viz. the uniaxial Naccariac 
and Bonnemaisoniaceae, and the multiaxial Chaetangiaceae: P. 
moreover, only in the two last families that a compact envelope i 
formed around the gonimoblast leading to the formation of a true 
cystocarp. In Acrochaetium, Batrachospermum, and Lemanea there is 
no fusion of the carpogonium with other adjacent cells after fertilis 
tion, such as obtains in some of the less specialised multiaxial forms 
the Helminthocladiaceae. Here, however, only the carpogonial 
branch itself (fig. 230 D, E) serves to provide nutriment for the de- 
veloping gonimoblast, although the outgrowth of gonimoblast- 
threads among the photosynthetic laterals in Dermonema (fig. 228 D) 
and Cumagloea (cf. also Naccariaceae) perhaps represents another 
means of attaining the same end. In Naccariaceae and Bonn 
maisoniaceae, on the other hand, special nutritive cells (figs. 231 A, 
D; 232 B, H, nu) are formed from the hypogynous cell and this isalso 
so in Scinaia. Except in Atractophora, these cells fuse with one 
another during the post-fertilisation development. 
The gonimoblasts in Nemalionales usually originate from ras 
gonium itself, but in Asparagopsis, Scinaia, and pus MT AR 
angium, the diploid nucleus passes into a hypogynous Ce behaviur 
from this that the gonimoblast arises. The pesma an in 
of the diploid nucleus in these genera is analogous to y a son d] 
many diplobiontic Florideae, and there seems no ae an auxit 
the hypogynous cell that receives it should not be terme Get p: 140) 
cell (440) p. 139, (679) p. 49, (7114) ; cf. however (389) P- Ze d mentil 
It appears that the haplobiontic Florideae, despite t dm 
difference in their life-cycle, show in the sexual repro 


ES Must 
W which 
of their repro. 
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d forms many of the specialised features that charac- 
vance biontic type, and it may be recalled that the vegetative 
ethe ofthe genera involved also affords indications of advance 
ion 
mutt 


Opon; el . 
nob iP 479 ‘ion (ig. 23° E) and Asparagopsis several gonimoblast- 
jn Nema duced, so that at least two of the four nuclei formed at 
E ate | preats ae division are utilised, while in Scinaia (fig. 233 H, I), and 
men, | pee a Bonnemaisonia ((679) p. 46) and Chaetangium (449) 
per eil, put the one employed in ae formation of the single 
: Ms um d degenerate. The d E are in this respect 
ation o gain ecialised than other Nemalionales. In Batrachospermum all 
y sma, | Piare apparently u ; 

Ze furnut ‚edelius (671) P- 32) showed that reduction occurs at the 
ger SV of the zygote-nucleus in Scinaia, this has been demon- 
st Beer other Nemalionales. Reference may be made to 

grated ics of Kylin (672 p. 267) and Cleland ((136) p. 338) on 
e$ must ie b. multifidum, whereby earlier erroneous statements of Wolfe 
"why — Am. and the recent investigation of Bonnemaisonia and 


tified, : 
ferenti fabis by Svedelius ((679) pp. 27, 44). Evidence for the occur- 
erenti- 


E ence of reduction immediately after fertilisation has also been pro- 
acte nal for Batrachospermum ((378) p. 161) and Helminthora ((387) p. 9), 
5 Mtas, and it can hardly be doubted that this is the rule in Nemalionales. 


D epro- 


lope is The zygote therefore represents the only diploid stage. What is 
hb known of other methods of reproduction in the majority of Nema- 
mls. f Jonales is in accord with these findings. 

e Such reproduction is most commonly effected by monospores 
CH which, despite the fact that some individuals may bear these struc- 


he de | trs only, are nearly always to be found also on plants bearing sex 
oblast. | gens and producing carpospores ((347) p. 218). The monospores are 
228 D) infect accessory reproductive cells (1, p. 51), which serve to reproduce 
nother  \tehaploid phase, and are not an essential part of the life-cycle like 
ome the carpospores. 
231 A, The monosporangia are spherical or oblong structures (fig. 234, m) 
fade Which differ from the antheridia in their deeply pigmented contents 
th one " JE size. Those of Acrochaetium (fig. 234 A, m) are sessile or 
ed or sometimes grouped together at the ends of short 
carpo L Aen Drees (fig. 234 B, m). In many species of Batracho- 
Chael- n dee are confined to the juvenile stage (p. 456 and fig. 151 
dits EL vi SS B. sporulans Sirod. and B. vagum ((262) p. 284, (370) p. 8, 
aviour inl 3, (633) p. 96), which rarely produce sex organs, as well as 
und in vopical B. lochmodes ((646) p. 620), for example, they occur, like 


SE fantheridia, Am À 
"d Din). In d the apices of the laterals of the adult shoots (fig. 234 


f TRE Iminthora ((673) p. 215) they occupy the same position 

2 A fear © he monosporangia of Scinaia (71) p. 14) are formed 

me the Vesicular © m) from the narrow pigmented cells that lie between 
of the p at cells (e) į : 

in the younger parts. In Naccariaceae, Bonne- 
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maisoniaceae, Lemanea and Nemalion no Such str 

The “Chantransia-stages of Lemanea Chus PERS ate kp U 

p. 193, (363) P- 200). y Vegetative o E e: 
The monospores are liberated by rupture of ; fa pi 

sporangium-wall (fig. 234 E); proliferation = me Apex of th | 

common. Amoeboid movements of the naked mone ably not is E 

frequently reported (655), (558) pp. 85, ror, (67 Pores have bee | 


S 3) p. 21 | 
to germinate In the same way as the carpospores 8). They appear (58 


Fig. 234. Monospore-formation in Nemalionales. A, Acrochaetium rhipi pres 
dandrum (Rosenv.). B, A. Daviesii (Dillw.) Naeg. C, D, Batrachospermim spor: 
lochmodes Skuja. E, Helminthora divaricata J. Ag. ¥, G, Scinaia furcellata en 


n VONT d . "esi ` alls: irs; M, mono- 
(Turn.) Bivona. c, chromatophores; e, vesicular cells; h, hairs; CD certa 


spores; p, pyrenoids; sp, monospore. (A after Kylin; B after Taylor; & 
Skua. bc dali polys 
after Skuja; E-G after Svedelius.) ne 
Cr 

> ae aM nented on 

Diverse authorities ((633) p. 98, (671) pp. 18, 22) have Sen Usual 
the similar positions of antheridia and TONGS POE an hemo | mark 
occur side by side on the same lateral. ‘Transitions Pe bileir À (Gy 


d Scinaia, WWW 
prete 5 
gin (07) ig 


kinds of organs are reported in Batrachospermum an 


: S : = ‘ously inter 
Le Helminthocladia certain structures have been variousiy : 
s monospora 


arrested antheridial branches ((s58) p. 147) and a esent not clear, Specie 
p. 18). T'he implications of these features are at pr with a gelatin ff Mono 
In several species of Liagora small orbicular en the Woh | mn: 
: eo À e content d 

envelope and more or less calcified, occur immersen * n of the conten Si 
owing divisio d äis 


They bear monosporangia, sometimes sh 
into two ((so) p. 456, (319). It remains doubtful w 


„ast S 
hether they SE ne ge 
$ ten E 
: end 
in the development of Liagora or belong to an 1n d 


nden 
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ecies of Acrochaetium (A. Daviesii, A. T, huretii, A. vir- 
Geyer E tetrasporangia (fig. 235 B, E, f) as well as mono- 
ait oth usually occurring on the sexual plants (qs) P- 351, 
gon 1 (s p. 85). On the other hand, in A. violacewm! (fig. 
p» P Sei and probably in À. efflorescens? (fig. 235 B; (368), (410), 
É; 7 there are distinct tetrasporic and sexual individuals which 
ml, hear monospores (fig. 235 A, m), although in A. efflorescens 
Iso r on distinct plants. There is, moreover, a certain 


J en occu : C C 
hese oft nation, since the tetrasporic individuals occur mainly 


sas OC and the sexual ones during the warmer months 
during E (ss) p. 137). The supposed: asexual plants of 4. efflore- 
(m P eller and less abundantly branched ((368) p. 118). The 
e S ja of Acrochaetium are always cruciately divided and this 
CN À Rhodochorton (fig. 235 D, H). In this genus tetra- 
a ia are the rule, although one instance of monosporangia has 
En recorded ((462) p. 374); no carpogonia are known, but Rosenvinge 
(is p. 389) has described antheridia in R. penicilliforme. 

While A. efflorescens and A. violaceum may actually be diplobiontic, 
such a view cannot be accepted without a cytological investigation. 
In face of the known facts, moreover, it appears rather improbable. 
Although data as to the time at which reduction occurs are not 
available for Acrochaetium, it is generally assumed that it takes place 
during the first divisions of the zygote-nucleus. In species bearing 
tetrasporangia and monosporangia on the sexual plants reduction 
during tetraspore-formation is very unlikely. The occasional associa- 
tion of monosporangia with tetrasporangia on the non-sexual plants 
of A. efflorescens and A. violaceum renders it equally improbable that 
the tetrasporangia are here the seat of a reduction division. With our 
present knowledge it would seem most plausible to regard these tetra- 
sporangia merely as divided monosporangia (071); cf. also (347) p. 219), 
and in this connection attention may be drawn to the occurrence in 
“tan species of bispores (67) p. 179, (so) p. 43, (s1) p. 20) and 
nou is P. 38, (316) p. 88); in A. multisporum Boerges. the 

x 2 urther division of the four cells first formed. 
wal Rue nie are also recorded in Galaxaura ((342) p. 21), 
markedly in ee 3 GE individuals, which commonly differ so 
ip. ae Ward torm and internal structure from the sexual ones 

"ik (727) p. 209) that the two phases have in the past been 


! Skuja 
Species eb 613) questions whether the forms referred by Drew to this 
Better ës s With the widely distributed 4. violaceum, in which only 
Ny With the itherto been recorded. Drew’s form is certainly identical 
a Kylin (G95 magic Boweri described by Murray and Barton (470). 
rae nts ne 95 Cf. also (635) p. 25) has expressed doubts whether the 
ides à res med by Reinke ((539) p. 23) as Rhodochorton chantran- 


thi ~ Teferre 
I specieg (cf, ee m Se (558) p. 85) to A. efflorescens, really belong to 
402) p. 434). 


At 
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De NEMALIONALES 


referred to distinct species.! There is ‘perhaps a 
that this advanced member of Nemalionales may be €ater Possi 


diplosi 
d 


bility 


Ontie (cf 


— 


A, B, Acrochaetium 
ricilliforme (Kjellm) 
Kütz.), monospor® 


Fig. 235. Asexual reproduction of Nemalionales. 
efflorescens (J. Ag.) Naeg. C, D, Rhodochorton pen 
Rosenv., with tetraspores. E, Acrochaetium wiolaceum ( KR, gens 
and tetraspores. F, G, Batrachospermum Breutelii Rabenh.; n Magnis 


: We anaceun 
formation; G, germinating gemma. H, Rhodochorton membr n of tetri: 


: 2 ` atio 
tetraspore-formation. I, Liagora tetrasporifera Boerges., form TL, wm 
spores in place of carpospores. c, chromatophore; £, a E after Die; 
sporangium; ?, tetrasporangium. (A-D after Rosenvinge; 


P F, G after Skuja; H after Taylor; I after Kylin.) 
ossible without expe" 
` no doubt related 


mental ot 
(347) p. 217), but no conclusion is p 
cytological verification. 
ER p SE : en 
The haplobiontic and diplobiontic Florideae ar ot! 
; ral spores on Ge Y Ti th 
to doubt ((52) P: 1 org 
y well xefer to eu 


! The record of sporangia with tetrahed 
G. adriatica Zan. (cf. (282) p. 307) is open 
similar record for Nemalion ((599) p. 333) ma 


D 
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old that the latter have originated from forms like the 
aj many jes with a haplobiontic life-cycle,} probably as a sudden 
gelt, ` à 369). Many of the haplobiontic genera show a 
mutation Ca e organisation, but there is nothing to imply a possible 

à Een more advanced types. A further discussion of the 
duction een the haplo- and diplobiontic Florideae is deferred to 
ration be (p. 73) and the consideration of Nemalionales may be 
y later page the mention of a number of instances, which show that 
conclude ah ay occasionally present interesting complications. 
the ora tetrasporifera, first described ((s1) p. 39) from the 

In J Hd since found also in the Mediterranean ((389) P- 9), the 
(ES ils of the gonimoblasts develop as tetrasporangia forming 
termina tetraspores (fig. 235 I, £), although most species of Liagora 
aa carposporangia of the usual type. Feldmann (ec) P. 94) has 
ro 2 recorded a similar formation of cruciate tetrasporangia from 
recent less in Helminthocladia Hudsoni (C. Ag.) J. Ag. Should 
ET ical study prove that reduction occurs in the tetrasporangia of 
Ve Gr species, postponement of meiosis within the domain of a 
single genus fould have been demonstrated and a possible stage in the 
evolution c; the diplobiontic condition established. 

For meábers of the Bonnemaisoniaceae Feldmann (198,199) has 
described the production from the carpospores of an independent 
generation bearing tetrasporangia. That of Bonnemaisonia aspara- 
pides (207) is stated to be identical with a sublittoral alga described by 


2 Batters (69) p. 318; cf. also (225) p. 231, (577) p. 141) as Hymenoclonium 
3 serpens (Callithamnion serpens Crouan), in which the densely branched 
VA filaments are creeping and sometimes form an almost continuous 

3 expanse; it is to be noted that Crouan's figure shows cruciate tetra- 
= spores, whereas Feldmann describes them as tetrahedral. The carpo- 


spores of Asparagopsis armata, on the other hand, develop into the 

| alga Falkenbergia (&98);'cf. p. 549) in which hitherto only cruciate 

ochaetim |  'eraspores have been reported ((140) p. 122, (495), (197a) p. 136). If 
(Kin) } these observations are confirmed, they would show that the carpo- 
më | ‘Pores of these advanced members of Nemalionales give rise to a 


ett: / e P : Bano 
Magn Me on quite distinct from the sexual one. The fate of the tetra- 
yo sage ee they may, like the monospores of the juvenile 
m, mone: atrachospe ` 
er Dew | upon which t Permum, merely serve to reproduce the generation 


growth fro hey occur, while the sexual plant itself arises as an out- 
5 m the te ; 2 
certain that t trasporic ones. However that may be, it seems 


" ; Vd S ue S 
Y Svedelius, Sexual phase is haploid in view of the data furnished 
p) f Vegetati ee 
ise | tbundantly ie? roduction is frequent among Nemalionales and occurs 
plant Lema ea (ijo. Sie Chantransia-stages ” of Batrachospermum and 
ae P à ` 455, 466); in fragments of Lemanea-bristles the longi- 
of! 


ce (167) ' : 
Pags. P: 512, (347) P: 217, (428) p. 682, (671) p. 43, (678) p. 41, (756) 
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628 GELIDIALES 


tudinal threads can develop into the “ Chantransia 
while cells of De of peed bristles are 
ivi (72) p. 187). in Batrachospermum monil; $ 
Ge WE composed of thick-walled Sn (lso) SC | 
resting stages, while in B. Breutelii (642) p. SECH SE Tegarded 2) 
threads end in large oval or spindle-shaped bodies Bonimgpi 
divided by delicate septa into 3-6 cells. In the Se S | 
propagules (fig. 235 G) the end-cells grow out into thle 


Stage » z 
Stated to su P. 2to) 


3. THE GELIDIALES 


Earlier researches on the sexual reproduction of these f 
. 228) are supplemented b Je. no TS Im 
pa 57, (586) p. 220) BE ed by Kylin’s investiga C7 
Gelidium cartilagineum (G87) p. 25), upon which the followi gation of 
is essentially based. The antheridia (cf. also (ss) P. 262) fom us 
sori behind the tips of the younger fronds. They are cut eue 
from the mother-cells (fig. 236 E, an), although a second ane 
d is sometimes formed below the first (cf. Martensia, P. 701). un 

In the female plant carpogonia develop just behind the tip with 
a median fertile tract, which occupies a shallow depression as a a 
of rapid growth in thickness of the marginal portions of the f 
thallus. Later, when formation of carpogonia ceases, the fertile de- 
pression comes to lie behind the apex (fig. 236 À, f) surrounded by 
sterile tissue. The fertile tract (fig. 236 B) is occupied throughout it 
length by an axial plate (ax) of large cells, which includes the original 
axial cells and is extended parallel to the surface. Each cell of th: 
plate (fig. 236 C) cuts off, on either surface of the frond, pericentrak 
(p), many of which give rise to three-celled carpogonial branches (cp) 
in which the two lower cells bear ordinary laterals (/) forming the 
cortex (co) of the fertile tract. The dus trichogyne ( of the 
carpogonium (cp) projects beyond the surface. 

The RON Sito produce small-celled branches (fig. En 
nu), which form a loose nutritive tissue (fig. 236 G, H, nu) aroun 
large cells (2) of the axial plate. The entire complex of CPE m 
nutritivetissue, formingthe fertiletract, constitutes acm a A 
and gives rise to a single fruit; fertilisation of 2 Seet S 

1 ent. 
carpogonia suffices for further Sn need carpogonium. 


: IIs of the 
many of its branches (fig. 236 G, g) penetrating among the c 


Y d hno 
4 do 3 5 8 al, although © 
SS nutritive tissue (zu), which no doubt provides a more or I$ 
: fusions occur. Other branches of the Son "ong? 

r terminal carpe Ber 


perpendicular to the axial complex, bea rtex (0 
(fig. 236 B, G, ca). As development procee me 
of the fertile tract is gradually elevated by Enn i 
cortical cells (ic) so that the mature fruit constitu it exhibits tW? 
frond (cf. fig. 155 A, cy). In transverse section 


perfectly separated compartments (fig. 23 


ds, the outer CO 


B), whic 
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Pray 

Vive an d 
p. 162) 
arded a 
Doblase 
SR 

of the 


MS um 
ation of 
account 
elliptica] 
ff singly 
eridium 


D within 
a result 
the fla 
rtile de- 
nded by 
shout its 
original 
IL of the 
icentrals 
hes (cp), 
ning the 
) of the 


. 236 C, 
und the 
onia and 
] on 
he many 
imoblast 
onium, 
M of the 
ough m 
or le 
orang 
GC (d 
he innel 
gan! y^ 
two. um | 
munit 


Fig. SR 1 
Wide in cartilagineum Gaill. (after Kylin). A, apex of female frond, 
Section of frond awe B, mature fruit in transverse section; C, longitudinal 
y » àntheridial nr e carpogonium; D, formation of gonimoblast; 
» Nutritive filaments; BS G, gonimoblasts with young carpospores; 
‘ature tetrasporan dos » young sporangium; J, longitudinal section, with 
tone; ca, car E Bu. a, axial cell; an, antheridia; av, axial plate of fertile 
5 inner co Posporangia; co, cortex; cp, carpogonium; g, gonimoblast; 
, antheridial mother-cell; nu, nutritive cells or 


threads: TEN l, lateral; m 
“pr 06 ou e ; : 
D lrichogy n ter cortex; p, pericentral; po, pore; sp, tetrasporangium; 
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with the exterior by a median aperture (po). In P 
(20) p. 96) the fruits are unilateral Swellings wee 
ment and a single aperture; here the carpos as nl 
chains. The general course of development a Porangia are QU 
of Gelidium. i Ppears to Tesem 

Tetrasporangia are usually borne on distin 4 : .. 

Men ithe fronds thatare often dilated andis individua 
The sporangia develop from terminal cells of attened Bu 
i Of laterals (Ag, 5545) 

and later appear embedded in the surface-tissues fi (fe: 236 
Gelidium and Pterocladia the sporangia are aa . 236 J, ai f 
while in Gelidiella, in which sexual plants are ah arranged 
disposed in transverse series. The tetraspores on nown, they are 
but in Gelidiella they are frequently tetrahedral N Cruciate, 
20: Gelidial f bind SA 529, (205) 

e Gelidiales were formerly included amo 1 

were segregated by Kylin (587) pp. 28, 115) Me uds but 
diplobiontic character. The absence of auxiliary cells me probable 
them from other diplobiontic Florideae. The behaviour vins 
moblast is similar to that found in Naccariaceae, and the goni- 
Naccaria (p. 616), but the compound procarps and the aoa 
development associated with them are very distinctive. ruit- 


4. THE DIPLOBIONTIC TYPE AMONG CRYPTONEMIALES 


Like all diplobiontic Florideae, apart from Gelidiales, the Crypto- 
nemiales possess auxiliary cells, which are here sometimes situated at 
some distance from the carpogonia (fig. 224 A). Connection between 
the two is established by means of one or more septate, and often 
branched, connecting filaments (co). At each point of fusion between 
the cell of a connecting filament and an auxiliary cell gonimoblasts are 
usually produced (fig. 240 C, G) and, in certain Cryptonemiales (e.g. 
Acrosymphytum), the same connecting filament can fuse with a number 
of auxiliary cells, so that a single act of fertilisation results in the 
formation of several groups of carposporangia (fig. 240 G). In all 
Cryptonemiales both the carpogonial branches and the auxiliary cell 
are borne on special accessory laterals and not on those composing 
the vegetative system. 


SH (a) The Sexual Phase in the non-nemathecial Types 


In Gloeosiphonia ((68) p. 42, (389) p. 10, (499) p: 109, (586) P: SE 
P: 12) and its allies auxiliary cells and carpogonia are E D 
same branch-system (cf. Endocladiaceae, p. 634), which Se all the 
237 A, B) from the under side of the basal cell (b) of a later? ogoni 
basal cells of a whorl may be fertile. The three-celled ST om the 
branch (cp) includes a large hypogynous cell (hy) A Séi cell beyon 


first or second cell (su) of the fertile axis ( fa). T 
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p. 
Mpat, 
n Short 
le that 
Within 
SERA T 
6 L sj) E 
#). In 
ranged, 
hey are 
Diet 
dh kos) ! 
es, but » 
robable | 
guishes 
€ goni- 
ech 
f fruit- 
/Typto- 
ated at 
etween 
1 often 
etween 
aSts are 
es (eg. 
umber 
a E AE, Sa Gloeosiphonia capillaris Carm.; A, fertile system with 
| ment of cn, al branches; B, ditto with one carpogonial branch; C, develop- 
IECH auxili arsine filaments; D, E, fusion between connecting filament and 
posing ee the same, formation of gonimoblast-initial (ei); H, young 
Won J, die F, He Schousboei (Thur.) Schmitz, young 
arpogonial branches à N ost. & Rupr.) J. Ag., fertile system with three 
fertile axis, K one a single auxiliary cell, r-6 the successive cells of UP 
` fertilisation. nds Schimmelmannia ornata (Schousb.) Kütz., procarp after K 
0, (63) Die cell: ar SEH cell; ab, auxiliary cell branch; an, nucleus of n 
on the fii MN a Ge b, basal cell of primary lateral; cb, carpogonial k 
5 (fg Gi axis; g, Ee cp, carpogonium ; dn, diploid nucleus; 
all the | E m, antheridial ast; gi, gonimoblast-initial; hy, hypogynous cell; 
al the Sof fertile SE mother-cell; su, Supporting cell; ¢, trichogyne; 
UT Eest after Kylin.) at fuse with the auxiliary cell. (D, E after Oltmanns; 
ym ^ 
ee T 
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that bearing the carpogonial branch functions 
auxiliary cell (a), while the rest of the fertile ar RL 
cells below the auxiliary cell bear short branche S is deflecteg: A 
antheridia (fig. 237 I, at) form small superficial AË 237 B). the 
individuals, the mother-cells (m) arising from the a On the Ge t 
(cf. also (558) p. 278). IPS of the m | 
The fertilised carpogonium (fig. 237 Cho 
connecting filaments (co), each containing a So a two ranch 
nucleus. They grow in opposite directions towards E th Y 
cells, but do not necessarily connect with that on io aux 
system ((634) P- 14). After fusion the connecting A ‘ 
tinue to grow (fig. 237 D) towards other auxiliary cells ent may con. 
of contact the membranes are dissolved so that ted At the Point 
munication between the connecting and auxiliary cells (fig. free com. 
and thereupon the diploid nucleus (dn) passes into the ie Dn 
in all diplobiontic Florideae that have been carefully tui As 
nucleus of the auxiliary cell (az) remains quite distinct and a the 
nothing of the nature of a nuclear fusion. Soon after (fig. 23 o 
the diploid nucleus and that of the auxiliary cell (an) dini a 
the diploid nuclei thereupon passes into an outgrowth of the auri 
cell which becomes cut off as the gonimoblast-initial (gi; peor 
cell” of Oltmanns), while the other three nuclei (an, dn) remain in the 
auxiliary cell. The initial gives rise to a few branching threads (fg. 
237 H, g), all the cells of which become carposporangia (ca). Men- 
while the initial itself (gz) fuses with the auxiliary cell (a), while the 
latter fuses with the underlying cell (x) of the fertile branch (cf. als 
fig. 237 G). The carpospores are embedded among the photosynthetic 
laterale. — 


In Thuretella ((69) p. 185,” (284) p. 67, (389) p. 12) the fertile axis (fg. 
237 F, fa) is reduced, the second cell alone producing a lateral, which 
consists of three cells. The middle one is the auxiliary cell (a), whilst 
the basal one (sw) bears the three-celled carpogonial branch, which is 
bent in such a way that the carpogonium (cp) lies adjacent to ia 
auxiliary cell. If the lateral is interpreted as the termination oe 
fertile axis and the sterile patt beyond as a branch, the Telatiye en in 
of carpogonial branch and auxiliary cell would be similar to t Ak 
Gloeosiphonia. In Schimmelmannia ((389) p. 16) the first (fg d the 
second cell of the fertile axis constitutes the supporting corde y 
carpogonial branch (cb) and bears a further lateral (ab) ter 
the auxiliary cell (a). ms seet 
- The fertilised NS of Schimmelmannia EE which 
(fig. 237 K, cp), the upper cell cutting off a eron a 
fuses with the adjacent auxiliary cell (a). In Thurete Se the aust 
connecting cell and the carpogonium fuses directly V art beyond ast 

* Oltmanns regards the auxiliary cell as terminal and the p 
branch, 

* As Crouania Schousboei. 


AC) c 
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which a diploid nucleus re ja vestige ofa connecting cell is 
to be found in the occasional division of the carpogonium, one 
GC resulting cells then fusing with the auxiliary cell. The further 
of the 


into 


huxiliary 
“central 
in in the 
ads (fig, 
. Mean- 
vhile the 
(cf. also 
ynthelic 


axis (fig. 
al, which 
), whilst 
which is 
t to the 
n of the 
positions 
those In 
37 e 
1) of the 
nated by 


Fig. à S 

GE SCH Endocladia muricata (Post. & Rupr.) J. Ag.; A, mature pro- 

of antheridial ce al branches G, 2); B, young gonimoblasts ; C, section 

Procarp with two s. D, E, Callymenia reniformis (Turn.) J. Ag.; D, mature 

an antheridium. presona] branches (7, 2); E, ripe fruit. a, auxiliary cell; 

onium: S 3,5, basal cell of fertile branch; ca, carposporangia; cp, carpo- 
1 gonimoblast-initial; A, hyphae; la, lateral; 


versely d 
syerst 0, aperture of cystocarp; su, supporting cell; 


0) which 
no such 
aalt 


yond 354 


develo 
PMent : o 
eben À ue gonimoblast in both genera takes place as in 


uretella the groups of carpospores (fig. 152 E, ca) 
y threads arising from cells of the fertile lateral. 


pean Position of carpogonium and auxiliary cell in 
37F), which warrants the designation procarp (p.601), 


Come enveloped b 


€ cl 
Three (c 


CN 
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is likewise encountered in the Endocladiaceae (g | 
Callophyllis, etc.). The reproductive Systems, and nia, fi ae ` 
of Callymeniaceae, show distinct resemblances to A ke that" 
nales ((387) p. 116, (393) p. 4) and especially of Gi Ose of i | 
auxiliary cell is always intercalary. Although the gartinacezg, Th 
fertilisation stages are unknown, connecting flames date p 
Thuretella, probably lacking. nts are, a i 
In Gloeopeltis (G89) p. 17, (634) p. 9) the auxiliary cell 

is one of the lower cells of the fertile axis (1-6), whil 
cells (su) of the several two-celled carpogoniat eu 

laterals. Gloeosiphonia also occasionally Produces mg es (cp) are 
carpogonial branch on the same supporting cell (fe. E m an 
Endocladia (fig. 238 A) the auxiliary cell (a) is situated id ). In 
two carpogonial branches (r, 2), while in Callymenia m of the 
238 D) the large supporting cell (su) of the procarp functi (fig 
an auxiliary cell. It bears a number of laterals (la), some oS 
constitute three-celled carpogonial branches (z, 2) with a i a 
basal cell (b), whilst others are represented by this cell alone thew 
wide pit-connections between the basal cells and the auxiliary cell 
After fertilisation the cells surrounding this procarp of Callymenia 
form numerous hyphae, which constitute a nutritive tissue (fig. 238 
E, h) into which the branches of the gonimoblast extend. The swollen 
fruits contain several groups of small carpospores (ca) interspersed 
among the hyphae (cf. Gigartinaceae, p. 672). A definite aperture (o) 
is usually formed in the overlying cortex. These features are foundin 


all Callymeniaceae (cf. also (409)). 


The fertile system of Endocladia ((387) p. 42) takes the place of one 
of the accessory branchlets (p. 484) and consists (fig. 238 A) ofa basal 
cell (b) bearing two laterals (r, 2), one of which includes the auxiliary 
cell (a). Several gonimoblast-threads (fig. 238 B, g) arise from a 
auxiliary cell after fertilisation and penetrate among the inner oa 
the thallus, with which they enter into communication (cf. also 1i 
The antheridia (fig. 238 C, an) are formed in rows and SE 
irregular sori on the younger parts of the male plants; EN e 
mother-cells (m) are produced in pairs from the Sus AS from 

The above-described procarps of Callymenia (Gan p. T of the 
hypodermal cells which gradually become embedded by P à simpl 
superficial cells. In other Callymeniaceae the fertile syste 1 Callocolax 
Thus, in Callophyllis obtusifolia (ei p. 82, (387) P: tos p. 3) tè 
neglectus ((29) p. 316, (389) p. 32), and Euthora cristata ogonia ch. 
supporting (auxiliary) cell bears only a single tt e basal el 
According to Kylin the gonimoblast-threads arie à in other cally 
of the carpogonial branch in Callymenta, althoug 


(fig, 237 J, d 


€ the supportin 


1 See also Smith’s account (648) of Callophyllis leony 
laciniata Grev. (276) pl. 121). 
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In Callophyllis 
growths of the 
ctly known. 

Pe Cryptonemiales carpogonia and auxiliary cells are pro- 
distinct branch-systems, as for instance in the multiaxial 
iaceae. In Grateloupia filicina ((30) D TO, (389) p. 20) these 
fig. 239 A-C) arise at the boundary between inner and outer 


d) originate from the auxiliary cell. 

genito fruits occupy the minute marginal out 
peine oe antheridia of Callymeniaceae are imperfe 
thallus: 


In dive 


fertile axis (7, 2), while the large intercalary auxiliary cells 


ee Ge. 239 F, G) produces several connecting filaments (co) 


Other Grateloupiaceae differ only in minor respects, although the 
data are less complete; see Sjöstedt’s ((634) pp. 16, 20) investigation of 
Cryptonemia borealis and Prionitis lancealata! (fig. 239 D), also 
Halymenia ((39) p. 11, (67) p. 159). In Cryptonemia the branches bearing 
carpogonia and auxiliary cells become surrounded by a loose envelope, 
which is also indicated in Grateloupia. The carpospores seem always 
to escape through well-defined pores in the cortex. 


Comparison of the fertile systems of Gloeosiphonia and Grateloupia 
shows that they differ mainly in the segregation of carpogonial 
branches and auxiliary cells in the latter. The same feature is found 
in Dumontiaceae, but here the carpogonial branches include special 
nutritive cells, with which the connecting filaments fuse before they 
grow onwards to the auxiliary cells proper. 

A good illustration is afforded by Acrosymphytum purpuriferum 

udresnaya Purpurifera, p. 457), which has been repeatedly studied 
CT P- 155, (202) p. 284, (189) p. 22, (499) p- 101, (586) p. 230, (634) p. 8). 
oi Coen which has a long spirally coiled trichogyne (fig. 
M b. i !), is terminal on a colourless accessory branch, arising from 

th cell of a lateral (b) and bearing distichous branchlets (/). 
n.heridia are formed in groups from the end-cells of the photo- 
‘ynthetic laterals of tl ] Te rite E 
sully produce he same plant. e fertilised carpogonium 
Primarily und S three connecting filaments (fig. 240 C, co), which 
branch (fi ndergo plentiful fusion with cells of the carpogonial 
ae 224 A) and especially with the end-cells (2) of the laterals ; 
Ss dense contents and constitute nutritive cells (sterile 


Cf al 

i Also th q bts H 

IN certaj im © account of Daines ((150) p. 289) which is, however, incorrect 
Portant particulars. 
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u 
Fig 
B, 
cell 
a: 
cell 
nec 
ini 
N 
(4, 
Es JGG 

Fig. 239. A-C, E-G, Grateloupia; A-C, E, F, G. filicina CINE US suc m 
dichotoma J. G. Ag. A, young and B, mature carpogone. so fruit and ripe the 
d cessive cells of axis; C, fertile system with auxiliary SC G, fusion of ( 
2 gonimoblast in section; F, formation of connecting , at gn fertile In 
connecting filament with auxiliary cell. D, Front wiliary cell; ca, Of 24 
carpogonial system, 1—6 successive cells of axis. 4; ran g, goni SH bla 
sporangium; co, connecting filament; cp, Gm fruit; s, sterile an the 
^, hair; hy, hypogynous cell; /, lateral; o, apertu Ei G after d; fi 
su, supporting cell; t, trichogyne. (D after Sjöstedt, 5 
rest after Kylin.) p 
( 
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X js of Berthold Go p. 14). Subsequently the connecting 
| al! rette for considerable distances among the vegetative 

Amen; probably as a result of a chemotropic stimulus, they 


which a 
t 


d 
hi 


Fig.240. Acrosymphytum purpuriferum (J. Ag.) Kyl. A, carpogonial branch; 
B, auxiliary cell branch; C-F, fusion of connecting filaments with auxiliary 
cells and formation of gonimoblast-initial; G, two mature gonimoblasts. 
4, auxiliary cell; ab, auxiliary cell branch; an, auxiliary cell nucleus; 5, basal 
cell of primary lateral; ca, carposporangia; cb, carpogonial branch; co, con- 
necting filament; cp, carpogonium; dn, diploid nucleus; gi, gonimoblast- 
initial; |, lateral; s, spermatium; st, sterile cell of gonimoblast; t, trichogyne; 


an C), point of fusion between connecting filament and auxiliary cell. 

cc ‚B, D after Kylin; C, E, F after Oltmanns; G after Bornet & Thuret.) 
2 Dit n Qu 4 f 
I-j suc Be position as the carpogonial branches, but more numerous than f 
and ripe t à latter (cf. fig. 240 C) je 

i 0 3 L DO D 1 
er in in between connecting filament and auxiliary cell is followed f 
a, camo yo D) Hi Way by the establishment of cytoplasmic continuity (fig: 
mobi tnit GES however, the connecting cell gives rise to the gonimo- 
e “al (fig. 240 C, F, gi) which is cut off on the side opposite to 


E auxilia ^| 
ty cell: : : : ; H 
B 224 B, ; Successive stages are shown diagrammatically in 


group of D, and C. The gonimoblast-initial produces a compact 
One (st) SECH (fig. 240 G) and all the cells except for the basal » 
Produce Carpospores. Meanwhile the connecting filament is 


p 
Ar d 
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continues its growth towards other auxilia 


septum separating the fusing portion from Sc cells 


€ growin 

A comparable method of carpospore-formation is m 

Dumontiaceae. Details are available for Dudresna et with į 
Bir 


8: Ze 
8 tip beyon. a 


ya 


Oth 
COccineg| Ge 


Fig. 241. Dudresnaya coccinea (Ag.) Crouan (after Kylin). À, EL 
gonial branch; B, C, mature carpogonial branches; D, fusion ot E (co); 
cells with nutritive cells; E, G, origin of secondary connecting fi a Aaii) 
F, auxiliary cell branch; H, fusion between connecting Alanen: Sonimoblest 
cell; I, J, formation of gonimoblast-initials (gi); K, OUDE ees primary 
a, auxiliary cell; an, auxiliary cell nucleus; cb, carpogonial branch; 2 > iplo! 
and co’, secondary connecting filaments; ch, Carpo e DATUM 
nucleus; gi, gonimoblast-initial; n, nucleus; nu, nutritive ce 5 ? ( 

- incrassala UI 
P: 158, (68) p. 35, (387) p. 32, (499) p. 106), D SE KE 
P: 440, (389) p. 11, (492) p. 65, (558) p. 157, (586) P- 230^ * \ and Dilsea 


(8) p. 14), Cryptosiphonia Woodii ((389) p. 24, (634) P: 4 


1 Cf, also D. crassa ((314) P- 572). 
? Vegetatively just like Thuretella. 
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8 
0) (G5 ee than those with carpogonia, and both usually 
Ser? sI SE the basal cells of the laterals; they exhibit little or no 
i ‘ginal = Ek AC; F; 243 A). In Dumontia (fig. 242 A, B) they 
1 Other ching (fig cells composing the longitudinal branches of the primary 
n Wen rom the ce from Acrosymphytum is constituted by the inter- 


A differen: 


A C; 242 D; 243 A, nu). The latter are curved in such a way 
‘the ca 
that y cells o 


sONIUM 
ee a similar intercalary position, although their exact 
aries (cf. figs. 241 F, a; 242 F, ax). — 

A raya the fertilised carpogonium divides to form a two- 

In Dudres? ng filament (fig. 241 D, co) which fuses with the adjacent 
celled aay bj Most of the cytoplasm accumulates in the connect- 
nutritive BC E), which soon give rise to longer filaments (fig. 241 
ing cells ( i Dumontia (fig. 242 B) the carpogonium (cp) usually fuses 
E, G, co i ird cell (nu) of its branch, although more than one cell (fig. 
with yr my be involved ((ss8) p. 157); two or three connecting fila- 
e 242 D, E, co) then arise from the nutritive cell. Much the 
E occurs in Cryptosiphonia (fig. 243 B) and Thuretellopsis. 
Both in Dudresnaya and Dumontia the auxiliary cell develops a short 
process, which fuses with the connecting filament and receives a diploid 
nucleus from it (fig. 241 H). Two or three gonimoblast-initials (figs. 
ap I, J, gi; 242 F) are cut off from this process, i.e. from the auxiliary 
cell, The connecting filaments for the most part seek out a number of 
successive auxiliary cells, but this is stated to be unusual in Dumontia. 
As in Acrosymphytum, most of the cells of the gonimoblast-threads 
produce carpospores (figs. 241 K; 242 F). No protective envelope is 
organised, the carpospores lying embedded in slight swellings on the 
thallus. 
The male plants of Dudresnaya (cf. also (85) p. 259) and Dumontia 
(183) p. 437, (258) p. 233, (558) p. 157) are smaller than the female, and 
in Dumontia almost the entire surface may become fertile. Each mother- 
cell (fig. 242 G, m) produces successively three antheridia (a). 
In Grateloupiaceae and Dumontiaceae the branches bearing carpo- 
&nia and auxiliary cells respectively are clearly homologous, and in 
Dumontiaceae the nutritive and auxiliary cells occupy comparable 


4 carpo- 


necting Positions within them. There is also considerable similarity with 
a none and the two families under discussion could be re- 
nobles. ei, » divergent evolutionary series from a generalised type pos- 
primary 5 Carpogonia and auxiliary cells on the same branch-system. 
diploid d Gräteloupiaceae (cf. (387) p. 116) complete separation of the two 


hogynt: Structures has 


Seah taken place, while in Dumontiaceae auxiliary cells still 
Persist in the 


u (e NS .Carpogonial branches and function as nutritive cells. 
tops at. Point of view Berthold's designation of them as "sterile 
‘lary celle» 


Di iS quite apposite. It is also noteworthy that in 


“monty i 
viti oaa P. 12) the auxiliary cell branches lack the terminal cell 
Rue Carpogonial branches, develops into the female organ. 
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In support of the view that a type comparable 
have constituted the starting-point for the ey 


osi 
oluti S 
series, it may be recalled that the cells functioning 4. ^ 9f 


^ D ial 
Fig. 242. Dumontia incrassata Lamour. A, three young fertile (carpogo® 


3 0- 
or auxiliary) branches in longitudinal section of thallus; B, en the 
gonial branch; C, young fertile branch; D, formation of Se anthe- Sup 
(somewhat diagrammatic); E, the same; F, mature gonimo is osporangiti fay 
ridial development. a, antheridium; ax, auxiliary cell; o SH f, fertile 
cb, carpogonial branch; co, connecting filament; cf, EE mother-cell Si 
(accessory) branches; fu, fusion-cell; l, lateral; m, anther! (E after Rosen- Tat 
nu, nutritive cells; sa, secondary antheridium; f, trichogyne. Th 
vinge; G after Grubb; the rest after Kylin.) E Surf 
: dac. rin 
some of the advanced haplobiontic forms DNA RUE 47) 1 
calary position in the carpogonial branch (cf- also i i from the gf Mer 
In the genera above considered the diploid nucle and, asi ost tis 


necting filament usually passes into the auxiliary cell, 
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ic Florideae, it is from the latter that the onimoblast- 
gone formed. Acrosymphytum is exceptional in that the initial 
from the connecting filament (fig. 240 F, G), within which 
d nucleus (dn) remains after fusion with the auxiliary cell. 
ous condition is seen in Cruoria and Petrocelis (Cruoriaceae) 

e (fig. 243 G) the initials (gi) do not arise at the point of 
an auxiliary cell. Kylin (G87) p. 115, (389) p. 98) regards 


5 
med 


H Fig. 243. À, B, Cryptosiphonia Woodii J. Ag.; A, carpogonial branch; B, 
Uke formation of connecting filaments. C, D, Petrocelis Hennedyi (Harv.) Batt., 
SEN branches. E-H, Cruoria pellita (Lyngb.) Fries; E, young and 
Mature carpogonial branches; G, formation of gonimoblast-initials (gt); 
^ mature gonimoblast. cb, carpogonial branch; co, connecting filament; 
Y +P; carpogonium; e, erect thread of crust; g, gonimoblast; gi, gonimoblast- 


initial; 1, lateral: nu, nutriti : ; SE SSH 
(ne page Si nutritive cells; t, trichogyne. (C, D after Rosenvinge; 


gonial 

carpo- these Sted : 

cn MR as primitive,! but their vegetative structure does not lend 

CH Geen SE a view and there is little in their reproduction to 

el Ne : “Ney are just as likely to be specialised forms: 

r-cel; n Cruory, S A 

E branches (e pellita ((387) p. 31, (538) p. 182) the 2-3-celled carpogonial 
The thick E axe E » F) are borne on a lower cell of an erect thread (e). 

intel Surface of Ree filaments (fig. 243 G, H, co) extend parallel to the 

j crust and fuse with certain little differentiated middle 

con y ylin (ç 

aU d'Ae DD 76) at one time regarded the Cruoriaceae as the lowest 

mi View, inales, but he appears since ((400) p. 217) to have abandoned 

Hu 


42 
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42 5 
f the erect threads. The gonimoblast-initials 
k g the outer or inner si 
diverse points On sides 
I AN and develop into little-branched threads (fig ting 
which all the cells become carposporangia. 243 H, din 
Petrocelis Hennedyi ((s58) p. 177, (586) p. 230) has Similar ¢ 
branches (fig. 242 C, D) and here the cells With which the AT Pogonia] 
filaments fuse are somewhat swollen and stain readily. The iech 
in both genera ((558) PP. 177, 182) are produced at the ti SCH 


(rarely two-) celled branchlets arising from the upper Cells of the K 
threads. 


cells o (fig. 243 G 


of the qu) atise 


Tect 


(b) The Sexual Phase in the Nemathecial Types 


In the Rhizophyllidaceae and Squamariaceae the fertile branches a 
confined to special nemathecia which form irregular cushion-lie 
swellings on the thalli (fig. 178 A, n). Those of Polyides rotundus (8o) 
p. 17, (586) P- 230, (692) p. 77) are found upon the younger branches 
in late summer and autumn and are shed after the escape of the Spores 
(658) p. 173): In section (fig. 244 A) they show a dense aggregate of 
sterile and fertile threads, which grow out vertically from the surface. 
cells of the thallus (fig. 244 H). The little-branched sterile threads (5) 
overtop the unbranched fertile ones (f), which terminate in a carpo- 
gonium (cp) cut off by an oblique septum; the spirally coiled tricho- 
gyne (t) alone projects beyond the surface of the nemathecium. 

The post-fertilisation stages resemble those of Dumontiaceae. The 
single connecting filament, after fusing with certain cells of the carpo- 
gonial branch, gives rise to several secondary filaments (fig. 244 D, 
co) which ramify among the threads composing the nemathecium. 
The auxiliary cells (fig. 244 C, D, a), which are intercalary in the 
sterile threads, develop a lateral process (P), with which the tip E 
connecting filament fuses; subsequently the latter may que S 
growth. The gonimoblast (fig. 244 C, g), which arises En ER 
necting filament (cf. Acrosymphytum), bears short, S A p 
branches forming carposporangia (ca) terminally, an e p 
thecium contains a considerable number of these ST P 
(fig. 244 D). In Rhizophyllis only mature nemathecia 
known. hite cushions 

The male nemathecia of Polyides appear 2$ seal s trea 
(G80) p. 19, (586) p. 233, (692 p- 76) composed © v icentral consti- 
(fig. 244 G), in which the upper cells cut off UT antheridia (ar) 
tuting mother-cells (zz) ; each generally produces thr 


the 
(89 p. 232) 7 
In Peyssonnelia ((383) p. 27, (387) P- 35» GENE lof the sett 


fertile threads (fig. 244 B, f) are laterals on the lowest ce "m al 
threads (s) composing the nemathecium. 47 í 
off obliquely so that its lower end s C che d 
(nutritive, nu) cell with which it fuses after = Steg Jy tower? 
filament (fig. 244 F, co) grows more or less NO 
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€S are 
n-like 
(380) 
inches 
spores 
ate of 
rface- 
ads (5) 
carpo- 
richo- 
n. 
>. The 
carpo- 
44 D, 
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in the 
ip of a 
ue its 
e con. 
yacked 
nema- 
zroups 
so far 


shions 
hreads 
consti: 
a (a!) 
32) the 
stele 
is cut 
sat 
necting 
de th 


Fig, 2 | 
of mente C, D, G, Polyides rotundus (Gmel.) Grev.; À, vertical section Ei 


ditt, ane With ESO fertile branches (f); €, gonimoblast in section; 
nelia Dubyi Cr Surface; G, antheridial development. B, E, F, H, Peysson- 
Aniliary cel] Saat vertical section of nemathecium with carpogonial and 
Ncting an es; E, antheridial development; F, fusion between con- 

and auxiliary cell; H, early development of nemathecial 
: 4, auxiliary cell; am, antheridium; ca, carposporangia; 
N cP, carpogonium; f, fertile thread of nemathecium; um 
ell; s steril eridial mother-cell; nu, nutritive cell; p, process of ü 
V € thread of nemathecium; t, trichogyne. (After Kylin.) 
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xiliary cell (a), which is constituted by the s 
branch (fg. 244 B, a). The few cells of the gonimobime tile 
carposporangia and the DN e SH usually conti Come T 
groups of carpospores. ihe ant eridial branches (Gs, n ew, | 
p. 194) either occur 1n special nemathecia or interspersed Z 395, sy 
ones; the antheridia are formed in essentially the same E 
Polyides (fig. 244 E). W 
Cruoriopsis ((31) P- 388, (53) p. 11, (202) p. 298, (ss) Der 
p. 262; incl. Plagiospora ((358) p. 593) differs chiefly from P ($84), (aay 
in the absence of nemathecia, the diverse reprod Yssonneliz 
borne terminally or laterally on the erect threads 


econd 


ay as in 


Uctive orga 
ns bei 
of the crus, 8 


(c) Corallinaceae 


The Corallinaceae exhibit specialisation in sexual reproduction, np 
less than in vegetative organisation. Except in the uncertain end 
phytic genus Schmitziella (28), the sex organs are invariably produced 
within conceptacles of diverse shape (figs. 245 1; 246; 247 A), which 
are either sunk in the thallus or project to a marked extent. They arise 
by the arrest of growth in a certain region which is gradually over. 
arched by the adjacent tissue. The floor of the conceptacle, consti- 
tuting the so-called disc, thus represents the original surface-layer 
and usually consists of cells with dense contents. It is these that 
divide to form the short vertical threads, upon which the sex organsare 
produced. The conceptacle is therefore a nemathecium which is over- 
grown by the surrounding tissue. Many Corallinaceae are dioecious, 
although Corallina rubens and some Melobesias are monoecious. 


The development of the conceptacles, described in detail in De 
mediterranea by Solms-Laubach ((652) p. 32; cf. also oe p. M 
p. 94), probably takes place in much the same way in other speciet 

; and the layer of thicken 
the genus. The apex of the segment broadens a A 
ing covering the apical cells (p. 474) is thus ee A 
followed by the development of a marginal KEE à 2 Pus 
which gradually bends inwards (fig. 250 B) until m e 
remains (fig. 245 I). During the development 0 
outer walls of the elongate cells composing ie 
become strongly thickened, while the outermos SC 
calcification so that the floor is covered by a UN SC 
separated from the underlying cells by a stratu spe 
latter gradually increases in amount, thus raising ds 
250 B) and ultimately causing its rupture. arts of the crust V 

The raised conceptacles of Melobesia N p. 15) an m 
consist of several layers of cells. In M. s 246 A, G ander 
the disc is constituted by the second layer (fig: cover-cells ( ) are AT 
cells divide to form the fertile threads (f), the c à formed b 
up and gradually cast off; the lid of the an the same © 
and elongation of the surrounding cells: d and often 
Lithophyllum and Lithothamnion. 'The broa 
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les of the former (cf. fig. 250 G) have an elongate 


Te: tac à t : é 

b a yi a MC Or MR d UO) P. 16, (415) p. 56, 

merou a 449) (652) p. 61, (659) P. ; € of Lithothamnion are usually 

93, si) | | o j 

> fema 

Y as à 

8), Da 

‘Sontelig 

18 being 

tion, no 

n endo. 

roduced 

) Which 

hey arise 

lly over. 

, Consti- 

ace-layer 

ese that 

rgans are 

118 over- 

ioecious, 

ous. 

Corallina 

31, (6) 

species of 

f thicken- 

. This is 

50 A, th Fig. 245. Coralli S à 

| aperture C re x E, C. rubens Ellis & Soland.; F, C. virgata Zanard.; 

otacle the ments of proca Sa SS the others C. officinalis L. A-D, diverse develop- 

250 Ad) and remains SE D usion=cell (fu) in vertical section, with carposporangia 
nderg development. procarps; F, the same from the surface; G, H, J, antheridial 

June : ipe € ent; I, vertical section of male conceptacle; K, diagram of simplest 

rof m ¢ So Procarp found in Corallina. a, auxiliary cell: ca, carposporangia; 

(m). The Eje pontum; d, disc-cell; f, fertile layer in male conceptacle; fu, fusion- 

lime (fg; ^ aj, p mon läst-initial; hy, hypogynous cell; m, antheridial mother-cell; 

A anch; $ nen of procarps; pa, paraphyses; r, rudiment of carpogonial 

ust whi Thuret des u t, trichogyne. (F after Solms-Laubach; I after 

D oo NN 

J p (J DH 

Ire a tptacles caves (Gis) p. ro, (s) p. 54, (659) p. 64). The male con- 

y div o the Aperture : elobesia and Lithophyllum are smaller than the female and 

ES Uy, (720) p onen Prolonged into a mucilage-tube ((ss8) p. 242, (659) 

sch ‘te formed no 7). In Epilithon ((387) p. 37, (659) p. 60) the fertile threads 


Y division of the cells of the basal stratum (fig. 246 C, D; 
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F, b) and, as they develop (f), the strongly calcif 
(u) are thrown off. The conceptacles of Choreonem 
within the cortex of the host as fan-shaped groups of thread appear 
A, co) terminal on one of the endophytic filaments (ss) S fig, 247 
(692) p. 98), the end-cells being provided with mucilaginous 2 54, 
wall of the conceptacle is largely formed by tabular cells OR The 
tangentially from the peripheral threads, although near the SCH off 
some of the inner threads (2) are involved. Perture 


the female conceptacles ((6s9) p. 76) the fertile th 

ae f) are confined to the floor. The cells of the disc Gan 246 
the upper half produces the procarp (fig. 245 D); occasionally N 
more procarp rudiments are formed from a single disc-cell. The T 
velopment of the numerous procarps takes place centrifugally a 
as a rule only the central ones mature (fig. 246 À, F). The trichogynes 
are usually elongate and project from the aperture of the conceptacle 
(figs. 246.43 247 A). Recent investigations ((387), (455), (659); cf, also (586) 
p. 234)! indicate that the basic type of procarp in Corallinaceae (fig, 
246 H) consists of a basal (auxiliary) cell (a) bearing two 2-celled 
carpogonial branches (r, 2), as well as an imperfect median rudiment 
(r); the nearest approach to this is found in some Melobesias and in 
Amphiroa rigida ((6s9) pp. 9, 49). One of the carpogonial branches is, 
however, often represented only by a single cell (fig. 246 I) or, like 
the median rudiment, may be completely suppressed (fig. 245 K). 

The auxiliary cell may likewise bear three branches in Lithophyllum 
expansum ((659) p. 22) and Corallina ((6s2) p. 39,” (659) p. 31; fig. 245 C, 
D), but here only one (cpz) develops into a complete carpogonial 
branch, while one (fig. 245 A, B) or both of the others (cf. fig. 245 K) 
may be suppressed. The last condition is typical of Choreonema (ss 
p. 12) (fig. 247 B), where the single two-celled carpogonial Rs 
(cp) surmounts an auxiliary cell (a), the tip of which is produced in 
like the median rudiment in the other types, lies adjacent to the 
carpogonium. In the procarps of Lithothamnion (48) p. ps SS 
p. 64) and Epilithon (G87 p- 37) this protrusion is lacking sot m 

ili -ce 

auxiliary cell appears as the basal cell of a three tk a 
branch (fig. 245 K). The preceding account 1s base n Zen 
Suneson (659), who interprets the diverse stages as a reduci $T 

In Choreonema (fig. 247 A) all the procarps of a es GE 
fully differentiated, but in Corallina the carpogonial pe an 
marginal procarps remain unicellular and in Lithoth 


ed super; 
Jace; 
a (P. 582) first tts 


. 22 

1 For occasional data, see also (205) p. 13, (297) P- a Pardi 
PP. 214, 230 The peculiar statements of Heydrich (29 
post-fertilisation stages in Lithophyllum and Bananen ie d (cf. (659) p: 49^ 
marised by Pilger (526) p. 261), have never been corro Or o 
Many of Heydrich’s observations are erroneous. ut by his Det, at 

2 Solms-Laubach’s interpretation is scarcely bore mediterranea D 
(455) p. 16). Yamanouchi's ((757) p. 94) account of ie 
variance with recent observations. 
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- zs ete M 


À Fe 5 
nial | ae E G, Melobesia; A, M. limitata (Fosl.) Rosenv.; E, G, M. Lejolisii 
d À : ^ Vertical section of mature female conceptacle; E, ditto, after 


Inten. of fusi 


on-cell and carposporangia; G, formation of ‚connecting 


j en 
art A D em carpogonium and auxiliary cell. B-D, F, Epilithon 
ie ën il o GE Heydr.; B, vertical section of female conceptacle, with 
a À Concentacles T) ure Carposporangia; C, excentric vertical section of male 
and E ms, with man section of same; F, vertical section of female con- 
"S | i a derived (i) M pogonia. H, I, diagrams representing the basic (H) 
ed d Pe of procarp. a, auxiliary cell; an, antheridia; b, basal 


5; R d 
EE branches; c, cover-cell; ca, carposporangia; co, 
2 en KÉN, carpogonium; d, disc-cells; f, fertile threads; fu 
i En Bonimoblast-initial; o, y 24 


i P, remains of 2 - 

: Procarps; 7, rudiment of carpogonial branch; 
u 3 

Mon) > “» roof of Conceptacle. (B-D, F after Kylin; the rest after 
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648 CRYPTONEMIALES 
qn fig. 246 F) two-celled. Fertilisation ; 
Ep N ER further development. The E à single carpo. 
SE In Melobesia Sunes quent ey 
difficult to follow. ^? on ((659) P- 10) obse 
246 G) the outgrowth from the carpogonium (cp) rved 
necting filament (co) which fused with the auxiliary cel] a) 
same. procarp; this may well represent the usua] Course of 
although fusion with some other adjacent auxiliary cel] SC 
ossible. After the passage of the diploid nucleus into an Ro 
cell, allthe auxiliary cells ofa conceptacle undergo Progressive Y ia 
(652) P- 43); which results in the formation of a large Ta 
fusion-cell (figs. 245 E, F; 246 B, E, fu) bearing on its upper me 
remains (p) of the diverse procarps. Some of the nuclei in this Bi e 
commonly larger (fig. 245 E) or richer in chromatin (937) p, 95) ang 
are probably diploid. In Lithothamnion the layer below the auxilia 
cells also seems to enter into the formation of the fusion-cell E 

. 66). 

68): gonimoblast-initials usually arise from the margin of the 
fusion-cell (figs. 245 E, F; 246 B, E, gi) and develop into unbranched 
threads, which form large uninucleate carposporangia (ca) in basi- 
petal sequence. In certain species (Melobesia limitata, Amphiroa 
rigida) gonimoblast-threads also originate from the upper surface of 
the fusion-cell, and this is sometimes also so in Corallina (cf. also (ss) 
pp. 214, 273). 

In Choreonema ((455) p. 17, (659) p. 55) the stages subsequent to 
fertilisation are somewhat different. The carpogonium (fig. 247 C, cp) 
enlarges, while its hypogynous cell (hr in fig. 247 D) persists longer 
than in the adjacent procarps. The female organ (1) fuses with the 
auxiliary cell (ar) of its own procarp, but the diploid nucleus (dn) 
remains within the carpogonium. After this the latter puts out short 
connecting processes, which successively fuse with slight promberinta 
from the neighbouring auxiliary cells (a2), and by degrees (fig. 247 p 
all the latter are involved; the auxiliary cells finally degeneri, id 
Choreonema, therefore, the carpogonium progressively absor du 
contents of the auxiliary cells and ultimately appears a$ en i 
cell (fig. 247 F), containing a number of diploid nuclei; this for 
basipetal rows of carposporangia in the usual way. 


even! 


: or 

In the male conceptacles the fertile threads either Ge a, 
only (Melobesia, Lithophyllum, Amphiroa) or also DC Yothamnit) 
walls (Corallina, fig. 245 I, f; Choreonema, Epilithon; “ato aperture 
(cf. (760) p. 120); in Corallina the part of the wall neat erii de- 
is covered with sterile paraphyses (pa). The details of a i 


: d ru 
velopment are difficult to decipher, but as a genera ore) elongate 


the disc seem to cut off two (sometimes pemen er (sb pp: 24% 
mother-cells! (fig. 245 G, m), which form a dense lay’ SD formed 


: j tà 
1 The mother-cells in Lithothamnion Lenormandi SS i » 
from systems of branched threads ((297) P- 65, (558) P: * 
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usn) p- 93); each mother-cell produces apically a 
a elongate, antheridia (fig. 245 G, J, s). There is con- 
that the entire antheridium functions as the 
(659) p. 83). At the time of detachment (fig. 


bed Fig, 2 . 

d ES Thureti (Born.) Schmitz (after Minder). A, vertical X 
ma; C, procer SE ‘with mature carpogonia; B, disc-cell and 
tuxiliary cells (ar 2 ter fertilisation; D, fusion of carpogonium (7) with 

loor. temains of Y » 43); E, later stage of fusion; F, fusion-cell from above, 

ide- ^, cells forming SS (1-21). a, auxiliary cell; an, auxiliary cell nucleus; 

jon) i CiIpogonium: q disc ee co, threads giving rise to conceptacle; 

‘ure host: g threads formin, E dn, diploid nucleus; / and hy, hypogynous cell; 

ic zm " Non 8 aperture of conceptacle; n, nuclei; t, trichogyne. 

w : 
d | De in Grantee ls oaen attenuated, a feature which is very 
S gel formed m also (692) p. 95); according to Suneson 
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650 CRYPTONEMIALES 
In Epilithon ((387) p. 39, (545) P. 59, (558) p, 235, (659) 

threads of the young male conceptacle consist of two ES the Cent 
while the peripheral ones (f) are longer. The mother. er (lt 246 Dy 
from the two lower cells of the fertile threads, whil S (m) are Cut of 
of the peripheral ones develop branches (br) which GE Upper cell 
conceptacle. Later (fig. 246 C) the two fertile oe à the roof of the 
a cavity lined with mother-cells (m) and roofed €Parate to fo 


by the 
x Sev 
conceptacle-wall, which develops a narrow aperture. The e layered 

Ure Con. 


ceptacle is filled with detached antheridia. 


(d) The Family Choreocolaceae 


Kylin (40) p. 225) refers this family of problematic 
Holmsella) to the Cryptonemiales owing to certain resembl 
Callymeniaceae. Both in Choreocolax (oi p. 56, (653) ances to 
Harveyella ((558) p. 496, (656) p. 90, (658) p. 600) the female EM and 
clude numerous procarps (fig. 248 A). The carpogonial he ins 
248 A, C, cb) arise singly from the auxiliary cell (a) which also bes (fig. 
(Choreocolax, fig. 248 A, s) or two (Harveyella, fig. 248 C 5 p + 
branches. Sturch produces some evidence (fig. 248 À, middle) manm 
auxiliary cell proper (a) is cut off from the supporting cell (su) at m 
time of fertilisation. In Harveyella the carpogonium fuses with the 
auxiliary cell (fig. 248 E, a) and this with the cells of the sterile threads 
(s) to form an irregular fusion-cell, from which the gonimoblast-initial 
(gi) is produced. Similar changes occur in Choreocolax, although here 
the carpogonium communicates with the auxiliary cell by means of 
a short connecting thread. In both genera the auxiliary cells form 
secondary pit-connections with the adjacent cells. 

The gonimoblast of Harveyella (cf. also (657) p. 36) is a richly branched 
thread (fig. 248 D, g), which spreads horizontally among the cells of the 
cushion (cf. Dermonema, etc., p. 610) and produces tufts of erect 
branches, bearing terminal carposporangia (ca). The auxiliary cell of 
Choreocolax cuts off several gonimoblast-initials which produce short 
filaments with terminal carposporangia; the mature cushions are lobed, 
each lobe harbouring a group of carpospores. In Harveyella the entire 
cushion constitutes a single fruit. h 

The antheridia ((87), (656) p. 90, (657) p. 37, (658) p. 598) Se 5 
whole surface of the male cushions; in Harveyella (fig. 248 B, gs 4 
are cut off from narrow mother-cells (m) produced by the peripner 
cells. ` 

There are evident analogies to, Callymeniaceae 
female reproductive system. At the same time, as P Ceramiales, 
Sturch, the procarp of Harveyella resembles that o 
especially if the auxiliary cell be formed after fertilisation. 
events succeeding fertilisation and the ripe gonimoblasts de 
altogether different from what is found in the latter order. 
genera require further investigation. 

Holmsella (Harveyella pachyderma (657) p. 31 è 
affinities. The auxiliary cell (fig. 249 B, 4), stated to 


al parasites (exc] 


ve other 


) SR cer after 
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AGE 


Ice 
DES 


ed, 

tire 

the 

hey 

eral 

the 

by oning procar ‘oreocolax Polysiphoniae Reinsch, section of female cushion 

ks À Reinsch) Sites A AIN stages of development. B-E, Harveyella mirabilis 

her © Wong gonimob] & Reinke; B, antheridial development; C, procarp; 

ven À Jet icc UE fusion of auxiliary and sterile cells, development of 

two | PoROnial bra a auxiliary cell; an, antheridium; ca, carposporangium; 
ad ™blast-initiat » CP, carpogonium; f, fusion-cell; g, gonimoblast; 

T isp, ermatium: »m, antheridial mother-cell; p, young procarp; s, sterile 


» SU, supporting cell; t, trichogyne. (After Sturch.) 
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652 CRYPTONEMIALES 
fertilisation, arises from one of the lower cells (b 
row near the usually two-celled carpogonial br 
short connecting filament (fig. 249 B, co) is Sometj 49 A 
During the development of the gonimoblast, Esseg ` Vo: 
lace between its filaments and the adjacent cells (fig 2 fusio: take 
4s followed by the formation of vertical rows of mo C), and th 
The antheridia are formed much as in Harveyella. This | 
certain analogies with Cruoriaceae. ge Presents 


) of a : 
anne (fi. Perl cell. 


Fig. 249. Holmsella pachyderma Sturch (after Sturch). A, procarps; B, forma- 
tion of connecting filament (co); C, part of a cystocarp. a, auxiliary cell; 
b, mother-cell of same; ca, carposporangia; cp, carpogonium; g, gonimoblast; 
t, trichogyne; w, gelatinous walls of cells. 


(e) The Tetrasporangiate Phase 


In many Cryptonemiales the tetrasporangia ((39) p. 8, (s9) p. 282) ar 
borne on the vegetative laterals and lie embedded in the surface- 
tissues (fig. 225 F). Some of the nemathecial forms also produce their 
sporangia in nemathecia (Peyssonnelia, Constantinea), although this 
is not so in Polyides and Rhizophyllis. The spores are for the m 
part arranged cruciately (fig. 250 H), though zonate in Ds 
Constantinea, Cruoria (fig. 250 1) and Corallinaceae (fig. E s : d 
In the production of the tetraspores four nuclei are usually Gr 
before separating walls arise (fig. 250 E; (35) P- 374 (558) p. 219: 


P- 92). ett 
Transitions between the cruciate and zonate types bee yptosiphoi 
in Dumontia ((x82) p. 279), Gloeopeltis ((634) P. 11), an h Zeg 
((634) p. 6), while according to Kuckuck ((356) P. GER S tetrahedral 
of the spores in Harveyella mirabilis is either SE 
In Cruoria (cf. also (358) p. 392) and Dumontia ((389) RS 2 
the sporangia occupy the same position as the carpogo intercalary int 
fig. 250 I), whereas in Petrocelis ((558) p. 176) they are i i 
erect threads. Those of Polyides ((692) p. 79) itin 
of the outer cortex. In the nemathecia of Peyssorne 


e 
p. 194) the sporangia are embedded among the ster! 


(38) P: 3! 
d s (fig. 28° 
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"ofa nemathecium terminates the growth of the 

mation ]ved and in the next season it becomes overgrown 
us n Sporangial nemathecia are also formed in 

a 49h the sporangia being borne laterally on the 
in of the component threads. 

ae produce their tetrasporangia in conceptacles 

"o G), similar to those harbouring the sex organs. 

(e 162 e disc usually divide into a stalk-cell and the sporangial 

The cells Ce a general rule the sporangia are uniformly distributed 

Aire / Parte conceptacle (fig. 250 C), but in Lithophyllum 
| or the N are commonly restricted to the periphery, while the \ 
50 G i portion is occupied by a tuft of sterile threads (sf; (482) 

8, (659) p. 26). The greater specialisation of the latter 

Iso in the structure of the procarp (p. 646; cf. 


fg, 250 

red centr 
(1, (526) P: 25 

ident a 


wäiter (G87) p. 40, (58) P. 234, (577) P. 152, (éso) p. 6r), 
ithothammıon (482) p. 344 (526) HE Um Be 3b (659) p. 68) and 
Seeler ((24) P- 4 (15) p. 9; incl. Eleutherospora (297) p. 68) 
here are no conceptacles, the sporangia forming sori which are em- 
heided within the crusts (fig. 250 E, F).! The sorus of Epilithon (fig. 
xo D) is formed by the outgrowth from the basal stratum (5) of a 
goup of fertile (2) and sterile (s) threads, the terminal cells of the 
mer giving rise to the sporangia (/). As they develop, the second 
inet cell of each sterile thread undergoes great elongation (fig. 250 
Fs), thus elevating the cells above which form a compact roof (r) to 
kam The membrane of the young sporangium develops a pro- 
munced apical thickening (fig. 250 D, a) which penetrates among the 
«ls of the roof and ultimately dissolves, leaving an open channel 
(ig. 250 E, po) above each sporangium. Similar sori are found in 
lilathammion (fig. 250 F) and Phymatolithon; in the latter the roof of 
: the sorus is concave. In Lithothamnion the sori (fig. 180 D) usually 
een by the surrounding parts, and this may ensue so 

e tetraspores remain imprisoned within the crusts (cf. 


Be Br ; > ele 5 : 

4 9p. 371), Old sori either appear as cavities within the strata 
` come filled with tissue. 

mote extensive, a 
Me fossil Archaeo 
flliary (566 


nd not such sharply circumscribed, sori occur in 
lithothamnion (Upper Cretaceous and Lower 


) p. all o à 5 
66, 416 E se as well as in the recent genus Sporolithon ((294 
Me kind of SU which is stated to have cruciate tetrasporangia. 


so Ze à : po 
À tnt have Ge found in Archaeolithothamnion may well be primi- 
1 Kg NEE o the more defined type seen in Lithothamnion and 


in : . 
‘Ga e tts turn, may have resulted in the conceptacle with 
ve" Also At 
F g eso 


Vë Phyllum (421), 


she Di 
5) 
ntf view, EI 9) and others incl de S ; ; ` 
Tiny of dy sh ich could ude Sporolithon in Archaeolithothamnion, 
ec 


€ latter p. only be substantiated if the sexual reproductive 
T became known (cf, (296) p. 82). R 


CC-0. In Public Domain., Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


4 sin 
deve 
cpu 
me 
gea 
thre? 
Y 
ut 
form 
Soln 
also 
TI 
rend 
Fror 
Jines 
litho 
and 
Lith 
Peys 
the ı 
((6s9 


occu 
((6s9 
twee 
poss 
of d 
(us) 
alto, 
(Lit 
Whi 
nuc 
Sup 


— 


C, Corallina mediterran thic 
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uch a view is justified by certain similarities in 


| S 
: re. f 
single ape" Thus, in Melobesia ((s4s) p. 40, (659) pp. 13, 19) the con- 
PC Lo only consists of an aggregate of fertile and sterile 
(9) 


med te roof of the conceptacle is formed partly from the sterile 
guit ad this is also so in Amphiroa and Lithophyllum ((659) 
dendo a In diverse Corallinaceae, however, the sterile threads are 
pan h altogether lacking and the wall of the conceptacle- is 
Fu or ly by upgrowth of peripheral tissue. According to 
BoD (Cen p. 34) delicate paraphyses (fig. 250 B, p) occur 
ins LAO ig sporangial conceptacles of Corallina. 
in the E of the sporangial conceptacles of Corallinaceae 
he diver Be useful than the sexual ones in tracing affinities. 
renders ee bly primitive Archaeolithothamnion we can trace three 
From Kent, that exemplified by Lithothamnion and Epi- 
lines of : illustrated by. Melobesia, Lithophyllum and Choreonema, 
d, P cluding Amphiroa and Corallina. The sori of Epilithon and 
and EH are clearly homologous with the nemathecia of 
Ge (cf. (387) p. 1 16, (455) p. 31, (586) p. 234). The affinity with 
Fe serathecial Eryptonemiales is, however, probably rather remote 
EE linacene commonly produce bispores which appear to 
«tur more frequently in the encrusting forms, although recorded 
is) p. 53) in Amphiroa rigida. Bauch ((35) p. 367) distinguishes be- 
tween obligate and. facultative bisporic species, certain of the latter 
possessing distinct bisporic and tetrasporic races, in part characteristic 
of different habitats. According to Foslie ((216) p. 53; cf. however 
ui p. 52) bisporic species occur especially in colder seas and are 
altogether lacking in the Tropics. The bispores are either binucleate 
Lithothamnion polymorphum) or uninucleate (Lithophyllum incrustans). 
When the nuclei are single, they are about twice as big asa tetraspore- 
nucleus of the same species ; this may imply that the second division 1s 
suppressed or perhaps postponed to the time of germination. Mono- 
spores are recorded (Gs) p. 379) in a few members of Corallinaceae. 
Melobesia Solmsiana (p. 507; (652) p. 59) exhibits vegetative Br 
Becher plate-shaped gemmae (fig. 250 J, g), composed o 
ck-walled cells. 


. The marine species of Hildenbrandia, in which sexual reproduction 
aco likewise form their sporangia in conceptacles (fig. 251 A) 
me develop much like those of Corallinaceae. According to SE 
qm (ust) P. 204) sporangia are produced at all times of the od an 

e cel; not only from the floor and the sides of the one 
goe (fg. 251 A), but even from the roof; as the production gi 
the Ken Proceeds, new ones originate from the next AI Ent layer 
Sor; SO that the conceptacle gradually widens. Occasion 


Blà are replaced by paraphyses (p). The septa between the spores 


C-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


656 GIGARTINALES 


: irregular in orie i 
are oblique and often irregu ntation (fig. 
p. 15), although parallel in H. Crouani (fig. te AS cf, 
» (32) 


p. 207): * 438 


The general aspects of the life-cycle of Crypt e 
sidered, together with that of other diplobiontic Flos are Con. 


ae, On p. 72 


Fig. 251. Tetrasporangial conceptacles of Hildenbrandia in vertical 
A, H. Crouani J. Ag.; B, C, H. prototypus Nardo. p, paraphyses; 
sporangia. (After Rosenvinge.) H 


section: 
t, tetra. 


s. THE DiPLoBIONTIC TYPE AMONG GIGARTINALES 
(a) The Sexual Phase 


The order Gigartinales, as defined by Kylin (Gos) p. 72), includes all 
those Florideae in which the auxiliary cell is formed already prior to 
fertilisation and in which it is constituted by an intercalary cell of one 
of the ordinary vegetative laterals composing the thallus. In Crypto- 
nemiales, on the other hand, the auxiliary cells are located in special 
accessory branches. This is rather a trivial feature upon which to base 
a major taxonomic subdivision, but until a clearer conception 0! 
affinities can be obtained, admitting of a different grouping, it serves 
a convenient purpose. Kylin ((s87) p. 116) regards the ho 
siphoniaceae and Endocladiaceae as connecting links between the tw 
orders. _ mber 
The sexual reproductive apparatus of Gigartinales E they 
of marked parallels with that of Cryptonemiales. Like the SE are 
include forms in which carpogonial branches and auxiliary * ae 
spatially separated and others in which they are com 
procarp, and the discussion of the different genera ! à 
arranged on this basis. Both the auxiliary cells and AS P 
cells of the carpogonial branches are nearly always Jocatec 
cortex. 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


pan 
hil 
of ot 
„af 
The 
side | 
G € 
Dur 
auxil 
latte! 
oute! 
thred 
id 


9 63) 
(558) 


Con. 
722, 


LED ce! 
E 


les all 
jor to 
f one 
ypto- 
pecial 
) base 
on of 
serves 
;loe0- 
je two 


mber 
they 
Is are 
orm 4 
fully 
orting 
) inner 


di 
jn P a 
ranches (fig 
while the 
of ot > onial 
The auxiliary 


side (fig. 252 


oi arise S 
ntiaceae, 
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outer side of 
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Several allie 


more 


ral : 
her late branch: may be borne directly upon an auxiliary cell. 


cells are considerably enlarged and protruded on one 
C, 4): Several connecting filaments (figs. 252 D; 224 
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(i) Gigartinales without Procarps 


Bairdii! (363) the colourless three-celled carpogonial 


252 D, cb) arise from the inner cells of the laterals OP 


numerous auxiliary cells (a) are located near the base 
s (cf. Grateloupiaceae, Dumontiaceae); exceptionally 


uccessively from the carpogonium (cp) and, as in 
the same filament may fuse with a number of 
contact being made with the protruded part of the 


he gonimoblast-initial (fig. 252 C, D, gi) is cut off on the 


the auxiliary cell and gives rise to a mass of short 


t of the cells of which become carposporangia (ca). An 
pore is formed in the cortex, through which the carpo- 


itted. No antheridia have been found in P. Bairdii 


uy) p. 192, 659) P- 162), and it is possible that the carpogonium 
develops parthenogenetically. 


d forms show essentially the same features (fig. 252 


A E). In Schizymenia (23) p. 644, (389) p. 39, (553) p. 816) the pore 
above each mass of carpospores is well defined (fig. 252 F, po). In 
Calosiphonia vermicularis ((39) p. 11, (68) p. 38,” (389) p. 37) the carpo- 
gonium (fig. 252 G, H) fuses with the supporting cell (su) prior to the 
formation of connecting filaments, and the auxiliary cells become con- 
spicuous only after fusion with one of the former. The closely related 
Bertholdia neapolitana (Calosiphonia neapolitana (39) p. 12, (587) p. 454), 


as well as Nen 


1astoma ((393) p. 7), are distinguished by the fact that 


the gonimoblasts arise from the connecting filaments near the auxiliary 


cells. In Sebde 


nia ((39) pp. 11, 13, (634) p. 23) the fruiting parts are 


prominently swollen owing to extensive division of the cortical cells 
above the gonimoblast; the cells in question acquire rich contents and 


the inner ones 


are believed to supply nourishment to the developing 


gonimoblast. In all these Gigartinales the gonimoblast-initial is cut 


of externally ( 


fig. 252 B, D, gi). 


The Carpogonial branches of Furcellaria fastigiata ((380) p. 15, (558) 


P: 168) and H 
anse near the 
fis 253 A; 


alarachnion ligulatum ((39) p. 11, (68) p. 45, (387) P. 62) 
tips of the fronds from large cells of the inner cortex 


; 254 A); especially in Furcellaria the same supporting 


al may bear more than one carpogonial branch (fig. 253 B). The 


Auxiliary 
Cortex, 
P: 235, (690) 

Pink tips (ay 


lo 


D 


Kell (figs. 253 E; 254 D, a) are likewise situated in the inner 
he male plants of Furcellaria (fig. 253 C; (85) p. 261, (258) 
: 22) are conspicuous by their swollen, pale yellow or 


upon which the surface-cells produce pairs of mother- 


Cr also (68) 


254 (P, nt 48 (P. marginifera, as Nemastoma marginifera) and (727) 


^5 Calosipy, 


An 


1a (Dickie) v. Bosse). 
onia finisterrae Crouan. 


43 
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E. Wm 


A, auxiliary cell with con- 


Fig. 252. A, B, F, Schizymenia pacifica Kyl.; f mature fruit. C, D, 


necting filament; B, young gonimoblast; F, section ot T^ ant with 
Pine Baïrdii (Fal) Kuck; C, fusion of connecting Des showing 
auxiliary cell, formation of gonimoblast-initial; D, coppa ont.) Berth 
post-fertilisation development. E, Sebdenia Monaro Calosiphonia ver" 
fusion of connecting filament with auxiliary cell. G, n: T carposporang^ 
cularis (J. Ag.) Schmitz, carpogonia. a, auxiliary Ce Ze jum; g, goni 

cb, carpogonial branch; co, connecting filament; cp, ch n mde 
blast; gi, gonimoblast-initial; gl, glandular cell; J, D after BDT ` 
aperture of fruit; su, supporting cell; t, trichogyne: 

E after Sjöstedt; the rest after Kylin.) 
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th con- 
C, D, 

pt with y 

showing ES i 
erth, Fi " d 

en M W Furcellaria fastigiata (Huds.) Lamour. À, carpogonial branch, with 

orangisi tips SE B, the same, with three carpogonia; C, branch of a plant with 

qonim: ee by antheridial sori (m); D, ditto with ripe cystocarps (f); 

E? See filaments and auxiliary cell, with carposporangia; F, transverse 


se 
` th SS 5 3 ^ 
uckucki H, older SE fruiting tip, with groups of carposporangia; G, young and 
ay‘ campos Imoblasts; I, mature gonimoblasts. a, auxiliary cell; c, cortex; 
` blast; m, EE co, connecting filament; cp, carpogonium; g, gonimo- 
(CE after al Sori; me, medulla; su, supporting cell; t, trichogyne. 
I nvinge; the rest after Kylin:) 
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ells (fig. 222 K, L, m), each forming two ri 
by secondary ones (sa). Halarachnton o Die 
minute male sori being scattered over the thallus Gë noecious th 

The connecting ‘bel (figs. 253 E, G, He n» 299), Ù 
blishes contact with the inner surface of the A 21 5 D, co) 
in Halarachnion (fig. 254 & E), develops a han cl (a 
with which the connecting filament fuses. The Bec P N 
(figs. 253 G, g; 254 D, gi) is in both genera cut off bla A 
mediately adjacent to the point of fusion. All the cells of SCH im: 
blast become fertile (fig. 253 E, I), the masses of cee the gonimo. 
lying in or at the periphery of the medulla (fig. 253 eas (ca) 
spores are extruded through narrow pores formed in the ` € carpo. 
fruiting tips of Furcellaria (fig. 253 D), observable in à 
winter, are usually somewhat inflated. In Halarachnion 
the carpogonial branch become swollen and multinucle 
stages (fig. 254 A), while the fertilised carpogonium di 
versely (fig. 254 B, cp), each cell giving rise to a numbero 
filaments (co). 

A considerable number of the Gigartinales without procarps dif. 
ferentiate special nutritive systems in connection with gonimoblast. 
development. In Turnerella (213) and Opuntiella ((394), (400) p. 231), as 
well as in Catenella Opuntia ((281) p. 73, (387) p. 66), the inner cells of 
the gonimoblast-threads fuse with the auxiliary cell to forma 
branched fusion-cell (fig. 255 C, D, f)! bearing rows of carpo- 
sporangia (ca); in Opuntiella, moreover, the lateral harbouring the 
auxiliary cell produces numerous small-celled branchlets rich in 
nutriment which is absorbed during the development of the spores 
In these genera (cf. fig. 254 K), however, as in the Gigartinales 
previously considered, nourishment reaches the gonimoblast only 
by way of the auxiliary cell. e * 

More specialised features are found in Solieriaceae, among which 
Agardhiella tenera ((so) p. 363, (387) p. 69, (sas) P: 411) furnishes à 

reall > Is, containing 
typical instance. Here nearly all the cells of the laterals, contam, 


. one e cyto- 

the uninucleate auxiliary cells (fig. 254 H, a), possess case ©) : 
itive tissue, ^): 

give rise to an 


2 À; 
enveloping small-celled secondary nutritive tissue (nu in di Die 


cf. Callymenia and Gigartina, p. 672). The gonimoblastin contents 
into a group of sterile cells (fig. 255 À, c)and, dorig he central group 
of the primary nutritive tissue are exhausted; Dee 5 the secondary 
arise radiating gonimoblast-threads (g), which penetra nnections with 
nutritive tissue (nw) and enter into secondary DAR Sa i 

its cells. The sterile cells of the gonimoblast lose mo 


which Ca 
es directly con” 


Ortex, The 
utumn and 
the cells of 
ate in later 
Vides trans- 
f Connecting 


n Such a cell is formed in all Rhabdoniaceae, 
but in Rhabdonia (fig. 298 D) and others it becomes 
the cells of the axial thread ((387) p- 33)- 
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" - 
eee A-E, Halarachnion ligulatum Kütz.; A, carpogonial branch; 
flament Ent of connecting filaments; C, fusion between connecting 
Enimoblast SE cell; D, formation of gonimoblast-initial; E, young 
Sonnectin e F-T, Agaxdhiella tenera (J. Ag.) Schmitz; F, development of 
cell; A laments; G, fusion between connecting filament and auxiliary 
deis tudinal section showing position of auxiliary cell; I, antheridia 
fomnecting pi J, K, Catenella Opuntia (G. & W.) Grev.; J, development e 
Sal cell. ¢ quen K, development of gonimobfast. a, auxiliary cell; ax 
ogoni tomatophores; cb, carpogonial branch; co, connecting filament 
Mothe; et D &; gonimoblast; gi, gonimoblast-initial; m, antheridia 
o ne "n, Nuclei; p, process of auxiliary cell; su, supporting cell 


* AG, I after Osterhout; the rest after Kylin.) 


E 
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ts, as the terminal carposporangia (ca) develop, 
SE Solieria chordalis ((69) p. 187, (393) p. 18) the e the 


South 
the gonimoblast fuse with the auxiliary cell to form ah 


terile cells of 


? fusion-cell (fig. 255 B, f), which is very conspicuous in e p Pheri 


Ipe frui 
The carpogonium (fig. 254 F, cp) of Agardhiella enlar p: 
fertilisation and forms several connecting filaments eje E after 
auxiliary cells (fig. 254 G, H, a) possess an apically directed SC € few 
The connecting filament (co) fuses with the lower end of the du 
ary 


EE Eee 

A re 
RE EE YT D COOK 030966» 
RON AS OS EE 
der 809.05 OSS 1* He OS 
BIDON = ss Ze OLOR. 
0809 Cure ~ 1354 OD, 
DO Qu SÉ Ee 
ect 


Korn 
ST 
PORTER 


Fig. 255. Fruits of diverse Gigartinales in section (after Kylin). A, Agard; 
oral Ag.) Schmitz. B, Solieria chordalis (Ag.) J. #8. C. EE 
californica (Farl.) Kyl. D, Catenella Opuntia (G. & W.) Grev. 6 A UTR 
of gonimoblast; ca, carposporangia; co, cortex; f, fusion-cell; g, gonim 

nu, nutritive tissue; po, aperture of cystocarp. + of the 
cell (fig. 254 G), but the gonimoblast-initial is cut off from the Sa of 
latter. The carpogonial branches (fig. 254 J) and a as in A 
Catenella occur within special small segments of the fro i le before 
Rhabdoniaceae, the auxiliary cells are not distinguls E a con- 
fertilisation and develop rich contents only after fusion ternally (fe: 
necting filament. The gonimoblast-initials are cut of H D) branch 
254 K, gi) and the radiating gonimoblast-threads (fig. 25 
abundantly amid the medullary cells of the fertile ES and the fertile 


fruits of Agardhiella open by a definite pore (fig. 255 
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t is 


con i nsti i ; ; 
E entire fertile frond constitutes a single cystocarp, the wall of which 


are p 
having 
((85) P- 

(ii) Gigartinales with Procarps 


In diverse Gigartinales (Cystoclonium, Rhodophyllis, Calliblepharis, 
Hypnea) the auxiliary cell (fig. 256 B, a) is the basal cell of a lateral 
(I), borne on the supporting cell (su) of the carpogonial branch (cb); 
moreover, in all of these the gonimoblast-initial is cut off internally 
(fig. 256 C, gi). The genera in question show progressive elaboration 
in the mode of nourishment of the gonimoblast. Cystoclonium 
purpureum (G80) p. 25, (599) p. 369), except for the possession of a 
procarp, resembles Catenella in its sexual reproduction. The sup- 
porting cell of the colourless carpogonial branch (fig. 256 B, su) bears 
a number of laterals (/), the cells of which have dense cytoplasmic 
contents; this is specially marked in the auxiliary cell (a), which lies 
immediately adjacent to the carpogonium (cf. also fig. 256 D) and no 
doubt becomes linked with it by a short connecting filament. The 
gonimoblast-initial (fig. 256 C, gi) develops into an elongate well- 
branched thread (fig. 256 D, g) which penetrates into the central 
tissue. By degrees its cells fuse with one another, as well as with the 
auxiliary cell (fig. 256 E) to form an irregularly branched, tubular 
fusion-cell (f), bearing numerous lateral tufts (g) of carposporangia 
(fig. 256 F, ca). There is abundant production of hyphae near the 
developing gonimoblast. The cortical cells above the procarp show 
active division (fig. 256 D) so that the mature fruits appear as promi- 
nent unilateral swellings on the thalli; they are devoid of an aperture. 
The antheridia (87) p. 293, (380) p. 30) form extensive sori on the 
younger branches of the male plants. 


Essentially similar procarps are found in Rhodophyllis bifida (fig. 257 
A; (8) p. 32) where they occupy the margins of the fronds, in Calli- 
ne ((387) p. 73, ($18) p. 354) where they lie in the marginal pinnae, 
and in Hypnea musciformis (fig. 258 A; (389) p. 51) Where they are 
Situated in the short thallus-branches, except that in the last two the 
eg cells acquire dense contents only after fertilisation. In Rhodo- 
oe (ie. 257 A) the supporting (su) and ‘auxiliary cells (au) produce 
atone outer sides a layer of cells with dense contents (r) which, like 
wall ( adjacent cells, divide abundantly after fertilisation to form the 
as an EE) of the mature cystocarp (fig. 257 C, w); the latter appears 
Boni almost spherical swelling (fig. 170 C, c) and has no aperture. The 

oblast develops as in Cystoclonium, but some of its branches 
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remain sterile and become connected to the peric 

nutritive device which is more marked in Callibl 
Here, however, no fusion-cell is formed 

nutritive tissues are developed (fig. 257 B). 

] to the procarp and is derived from 


ATP ((393) 
epharis M H 39), à 
» although toi 

One of these | "nds of 


the inner ce 


externa 


D 


a 


Fig. 256. A, Rissoella verruculosa (Bertol.) J. Ag., procarp. B-F, Cysto- 
clonium purpureum (Huds.) Batt.; B, procarp; C, formation of gonimoblast- 
initial; D, further development of gonimoblast; E, almost mature Bee 
blast; F, part of same with carposporangia. a, auxiliary cell; ca, jn 
sporangia; cb, carpogonial branch; cp, carpogonium ; f, fusion-cell ; 8, en 
blast; gi, gonimoblast-initial; /, lateral; n, nutritive threads; su, SUPPO" 
cell; t, trichogyne. (After Kylin.) 

s; the outer cells («) 
e second nutri- 
and consists ot 
rding to Kylin 
proach Calli- 
ive tissue 


laterals borne on the auxiliary and supporting cell 
aid in the production of the pericarp (fig. 258 B, w). Th 
tive tissue (fig. 257 B, nu2) lies internal to the procarp 
small cells arising from the inner vegetative cells. Acco 
((393) p. 41) certain species of Rhodophyllis, which also ap iiv 
blepharis in other respects, possess a similar internal nut Leg rise 

The gonimoblast-initial of Calliblepharis (fig. 257 P: o ES vith 
to several threads that penetrate among the internal nutritiV 


D 
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065 
ablish secondary pit- i 3 1 
a ‚nich they establish se a pit connections (cf. Agardhiella); mean- 
m meine external nutritive system is exhausted, The carpospores are 
i viae in unbranched threads, arising from the basal cells of the 
pt and appear as a fan-shaped group on the outside of the 
à o 
le : 
OSC? B 
A (IS SS S Q CY: 
5 C973 PO) 
e e SS: CU COS: 
S508 33 @) 
IA eOCDOGUZ. 
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S Fie, 257, A, C, D, Rhodophyllis bifida (G. & W.) Kütz.; A, procarp; C, 
o preal section of cystocarp; D, development of antheridia, from the surface. 
» Calliblepharis lanceolata Batt., transverse section of a young cystocarp. 


a antheridia- o à 
Mheridia; au, auxiliary cell; ca, carposporangia; cb, carpogonial branch; 


f 1 D H D m me 
d i „upogonium ; gi, gonimoblast-initial; m, antheridial mother-cells; 
i- aieas tissue; r, roof of procarp; su, supporting cell; t, trichogyne; 
" © 9Ecÿstocarp. (After Kylin.) 
in 


intern SE 
| a al nutritive tissue. The large swollen cystocarps (fig. 170 A, c) are 
À Med Singly ir 


. NH n the fertile pinnae. LA ; 

Ma. Initia] bag the onimoblast develops in a distinctive manner. The 
h E after est En form a compact group of small cells, some of these, 
| x ablishing connections with the internal nutritive cells, undergo 
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marked elongation and lift the remainder (fig. 258 B, gi 
of the developing cystocarp-cavity. These gonimoblast. o the Sa, 
on all sides to branched threads (s), which become linked 5 g 
pits with the cells of the pericarp (w). The richly bra Y seconda 

forming terminal carposporangia (ca), arise not only om tufts, 
gonimoblast-group, but also from the threads linking the p» Central 
the wall. ter with 


The large cystocarps found in these and other genera ari 
tensive post-fertilisation division of the cells in the neigh by ex. 
the procarp; this results in a cavity of increasing width p of 
occupied by the developing gonimoblast. Division is either e vhich is 
confined to the cortex, external to the fertilised procarp al 
blepharis, fig. 257 B) or takes place all round it (e.g. Hypnea SÉ Calli. 

Antheridia appear to be unknown in Calliblepharis, Mn B), 
Hypnea have not been adequately investigated. In the ee of 
Rhodophyllis bifida they form small scattered sori (fig. A Ds 
mother-cells (m) arising in fours from the surface cells and fort the 
two or three antheridia (a) each ((389) p. 35). Que 

A procarp of a more generalised type is found in Rissoella ((389) p 43) 
a Mediterranean perennial with a fringed foliaceous thallus. Here (f 
256 A) a single large auxiliary cell (a) is associated with a number 4 
carpogonial branches, the supporting cells (su) of which are constituted 
by adjacent cortical cells ; it is not clear whether they all belong to the 
same branch-system. The surrounding cells develop a number of 
small-celled laterals (7), homologous with carpogonial branches and 
constituting a nutritive tissue (cf. Opuntiella), although no special con- 
nection is established between it and the fusion-cell which is formed 
from the inner cells of the gonimoblast, the auxiliary cell, and probably 
also other adjacent cells. 


In most other Gigartinales the supporting cell functions also as the 
auxiliary cell. In Plocamium ((380) p. 51, (289) p. 46, (518) P. 3523! (586) 
p. 238) the supporting cells (fig. 258 D, a) are differentiated in large 
numbers along the outer (more rarely the inner) margins of the fronds 
from the large cells surrounding the axial thread (cf. p. 492); they also 


bear vegetative laterals (2). Antheridia ((86) p- D Core dns 


the other cells of its 


After fertilisation the carpogonium enlarges and Pe craig E 


branch degenerate, while those in the vicinity © initial (gi) 
(fig. 258 E, nu) acquire rich contents. The gonimoblast-in'i® an 
which fuses with the auxiliary cell (a), produces a number of SCH ^ 
elements (g) which successively give rise to densely. branche 

(I, 2, 3), most of the cells of which become Me 
mature cystocarps (fig. 258 E) form sessile swelling ; art 
the thalli; the ms Be FU, by disintegration © E 


of the wall. 
probably 


org As i ff, is 
“2 Phillips’ statement that a special auxiliary Gall fete 
incorrect. 
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HYPNEA, PLOCAMIUM 


005 


p, 


Fig. 258. À, B, Hypnea musciformis (Wulf.) Lamour.; A, procarp; B, trans- 
Verse section of thallus with cystocarp. C, Sphaerococcus coronopifolius C. A. 
SE Procarp. D, E, Plocamium coccineum (Huds.) Lyngb.; D, procarp; 
d Syst^carp; I, 2, 3, successive gonimolobes. a, auxiliary cell; ax, axial cell; 
gi "rposporangia; cb, carpogonial branch; cp, carpogonium, 8; gonimoblast 3 
t a moblast-initial; l, lateral; nu, nutritive threads; 5, sterile gonimoblast- 

S; su, supporting cell; t, trichogyne; w, wall of cystocarp. (After Kylin.) 
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In Sphaerococcus coronopifolius ((328), (389) p. 47, (634) 
Gracilaria (389) p. 55, (634) P: 51, (692) p. 81)! the procar 
Eur although in the latter (fig. 259 C, D) the 
H 


©) and 
nd 
PS are essenti 


Supporting cel] (sy 


ally 
1) is 


: é aT 
Fig. 259. A, B, Sphaerococcus coronopifolius C. A. Ag.; A, early = Eer 
of gonimoblast; B, section of cystocarp. C, D, Gracilaria ES SE a, 
procarps. E, F, G. confervoides (L.) Grev.; E, formation of £ monimoblast 
section of cystocarp. a, auxiliary cell; ax, axial cell; c cells y P sporangia; 
connecting sterile part of same with wall of cystocarp; ¢@ e F last-initial; 
ch, carpogonial branch; f, fusion-cell; g, gonimoblast; gt, Eure 
l, lateral; n, nucleus; nu, nutritive tissue; p, pericentral; po, I yne; t 
carp; s, sterile part of gonimoblast ; su, supporting cell,/7,trichoß 
of cystocarp. (After Kylin.) 


of cysto- 
V, Wa | 


s rich contents: 
than does 
3) has 


not specially differentiated and the laterals (nz) Pe ices 
Both genera exhibit more marked post-fertilisation A CSS es 

* The account of Johnson (327) is largely erroneous, while 52): 
mistaken the characteristic hairs for carpogonia (cf. (634) P- 


^ 
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^n, In Sphaerococcus the auxiliary cell (fig. 2 
Geen carposporangia (ca in fig. 259 B). Meanwhile the olde 
te ‚moblast-cells fuse with the auxiliary cell, and this with the adjace E 
oni Set and axial cells (p and ax in fig. 259 A), to form an elon S 
RE (fig. 259 B, f) bearing the radiating fertile threads The 
fusio! is (fig. 259 A, nu) borne on the pericentral form a local nutritive 
tissue (fig. 259 B, nu) around the base of the fusion-cell. The mature 
rps appear as spherical swellings in the smaller branches. 
fertilised carpogonium of Gracilaria fuses progressively (fig 
with the adjacent multinucleate nutritive cells (nu). Meanwhile 
the cortical cells above divide copiously to produce the cystocarp-wall 
(u); the inner cells of the rows thus formed, however, constitute a 
nutritive tissue around the fusion-cell (cf. Calliblepharis, Hypnea). The 
several gonimoblast-initials develop into a dense aggregate (fig. 259 F), 
the inner part of which (s) forms a compact pseudo-parenchyma bearing 
the rows of successively ripening carposporangia (ca). In certain species 
(G. confervoides, fig. 259 F; G. compressa) elongate cells (c) radiate from 
the compact region of the gonimoblast and, penetrating the pericarp, 
become connected with some of its cells (cf. also (523) p. 795). The 
swollen cystocarps appear along the sides of the thallus-branches (fig. 
-170 B, d and, in G. confervoides, are sometimes stalked. The fruit- 
development in Melanthalia abscissa (se) p. 4) exhibits essentially the 
same course of events; cf. also Cordylecladia ((389) p. 60). Perhaps 
Holmsella pachyderma (p. 650) belongs to this series. 

In the Australian genera Mychodea ((393) p. 63) and Acrotylus ((277) 
pl.99, (393) p. 67), which show affinity to Gigartinaceae and are possibly 
primitive, the supporting cell (fig. 260 A, C, su) bears several carpo- 
gonial branches. In Mychodea the principal gonimoblast-threads form 
anetwork within the cystocarp, and some are linked by secondary pit- 
connections to the nutritive tissue lining the inner surface of the peri- 
carp ((400) p. 250, (590) p. 119), while in Acrotylus (fig. 260 D) the bunches 
of carpospore-bearing threads project into a cavity which is lined by a 
probable nutritive tissue (nu). 

The antheridia of Sphaerococcus (cf. also (87) p. 293) are formed in 
small circular depressions behind the tips of the branches. This is also 
(^ in Mychodea (fig. 260 B) and in Gracilaria confervoides ((87) p. 294, 
41) p. 134, (692) p. 81); in the latter the male plants are of small stature. 

nother species of Gracilaria the antheridia form small superficial sori. 


(ii) Phyllophoraceae and Gigartinaceae 


In these families the procarps (figs. 261.A, D; 262 B; 295 C) in- 
variably consist of an, DT E supporting (auxiliary) cell (su) 
FE a three-celled carpogonial branch (cp); in addition the 
TE may produce a vegetative lateral (i), which is E e 
s Tus (fig. 261 A) and in Gigartina is occasionally replace y 
ig fond carpogonial branch ((634) p. 47). No conspicuous fusion-ce 

?'med after fertilisation, but the threads of the gonimoblast 
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fig. 261 B, g) penetrate into the medullary region (me), 
nich form a nutritive tissue. — ` 

Chondrus produces its procarps within the ordinary e 
Phyllophora (fig. 295 A, B, n), Stenogramma, and Gi 


S S gartina 
situated in special outgrowths (nemathecia). These arise f 


in Phyllophora membranifolia (fig. 174 C, f) and f 
salons fronds in P. epiphylla, while the ted EM 


the element, 


H but in 
they are 
Tom the 
near the 
imple Or 


margins of the 


rocarp; B, antheridial 
oe m. D, section of 
onial branch; cp, 
supporting 


branched, nemathecia of Gigartina (fig. 174 I, t) occupy ue 
margin (G. Teedii) or the surface of the thallus. Those of D i 
are linear (fig. 170 D, n) and form apparent veins on both de Ge 
the fertile fronds; since they terminate a short ne llophora 
apex, they are not connected in successive branches. In POT, 
and Gigartina each nemathecium produces a sing i dré 
in Stenogramma interrupta, where procarps occur A 2r failure to Dé 
length of the nemathecium, their occasional absence 07 carpospors 
fertilised leads to gaps in the dark red zones of maturing 


e 
le cystocarp, V h 
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Fig. 261, A-C, Chondrus crispus (L.) Stackh.; A, vertical section of thallus 
mh Procarp; B, ditto, fusion of carpogonium with auxiliary cell (su); 
: transverse section of thallus, with mature carposporangiä. D, Gigartina 
ei Lamour., procarp. ca, carposporangia; co, connecting tiens 2r 
petuum; &; gonimoblast; l, lateral; me, raed ee E Er zu 
Kylin.) ng (auxiliary) cell; t, trichogyne. (D after Sjöstedt; 
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_ (8) p. 536) are produced on minute white or yellowi 


672 GIGARTINALES 
to which the specific name refers. In Gigartina there is 
to the cystocarp. a definite Pore 


In Chondrus crispus ((38°) p. 20, (586) p, 2 
(auxiliary) cell! (fig. 261 A, su) belongs to the inne NES "Täter, 
to the surrounding vegetative cells by secondary pit-c X and is linked 
The adjoining carpogonium (cp) communicates with ieee ns (+) 
after fertilisation (fig. 261 B) by a broad connectio "Ceuxiliary cel 
which the diploid nucleus no doubt passes into the RES ), 
elongate gonimoblast-threads (8) penetrate into the i 
and give rise to numerous groups of carposporangia (fi p 
interspersed between the remains of the medulla (PER e, ta), 
spores are liberated from the swollen fruits after the des © Carpo- 
fronds. E 


The structure of the procarps (fig. 261 D) and m 
gonimoblast are essentially the same in Gigartina (( 
p. 46; cf. also (387) p. 51). In certain species (e.g, G, 
nutritive tissue arises from hyphae, produced in larg 


ues (me) 


formatiorr of the 
586) p. 238, (634) 
Teedii) a Special 
€ numbers from 


. the medullary cells, and in later stages the gonimoblast-threads com 


municate with its cells; in the mature Cystocarp this tissue forms 
fibrous envelope around the groups of carpospores (cf, also (324) p. 60. K 
Not all species of Gigartina (e.g. G. stellata) possess a definite SËCH 
((625) p. 134) and nutritive tissue may be lacking {(ss8) p. 511). À simila 
fruit-development is found in Iridaea and Rhodoglossum ((387) p. 48). 
The procarps of Stenogramma interrupta ((330) p. 362, (387) p. 52) are 


distinguished by the usual multinucleate character of the component - 


cells (fig. 262 B). Their further development is similar to that of 
Chondrus (fig. 262 A), but both here and in Phyllophora ((158) p. 39, (387) 
p. 54, (558) pp. 517, 537, (563) p. 11)? the gonimoblast-threads enter into 
communication with the loose medullary tissue (me) of the nemathecia. 
The numerous groups of carpospores produced from the tufted laterals 
of the gonimoblasts ultimately almost completely displace the medulla 
(fig. 262 C). 

All these genera are dioecious. The pale antheridial sori of Chondrus 
crispus ((89), (258) p. 185) usually appear just behind the apices of the 
fronds; Darbishire ((x61) p. 26).found them on minute white segments 
which later developed into vegetative branches. The mother-cells (fig. 
222 J, m), formed by longitudinal division of the surface-cells, pure 
pairs of elongate antheridia (a) which just penetrate the E 
cuticle overlying the sorus. Secondary antheridia are frequent. 8) 
antheridia of Gigartina are borne on small leafy branches E 7 

Those of Phyllophora ((86) p. 248, (87) p. 292, (158) P- 2 Aeris 

a rom 
1 Darbishire’s statement ((161) p. 28) that the auxiliary cell is cut off f 
the supporting cell is no doubt erroneous. i S 

* Schmitz ((s90) p. 118) himself corrected his earlier statemen 

that the gonimoblast-threads unite with the medullary cells: fant respect? 
For P, Brodiaei and Gymnogongrus, which differ in impor ; 
see p. 731. 


((586) p. 242) 
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: = the margins of the fronds. The surface-cells give rise to 
erous tufts, some of which grow longer than others so that small 
u ‘dial cavities are formed (fig. 262 D). The male God af 


bp, 262, A-C, E, Stenogramma interrupta (C. Ag.) Mont.; A, fusion between 
Grpogonium and auxiliary cell (su); B, procarp; C, section of thallus, with 
sroups of carposporangia; E, antheridial development. D, Phyllophora 
membranifolia (G. & W.) J. Ag., antheridial development. a, antheridium; 
Sr carposporangia; co, connecting filament; cp, carpogonium; g, gonimoblast; 
` lateral; om, antheridial mother-cells; me, medulla; s, spermatium; su, sup- 
Porting cell: z, trichogyne; ze, wall of cystocarp. (D after Rosenvinge; the 
test after Kylin. : X 


n enogramma (G39) p. 362) form irregular patches on both surfaces of 
© Upper thallus-seyments (fig. 262 E). 
(b) The Tetrasporangiate Phase 


The tet. e e 
ona es POran gia of Gigartinales are either cruciate (fig. 263 J) or 
€ (fig. 263 C, II), the latter type being found in all the genera 


Faji 44 
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o^ GIGARTINALES 
:«cussed above except Platoma, Calosiphonia, Nes 
GE Melanthalia, Cordylecladia, Phyllophoracen » Geld, 
naceae. The zonate sporangia of Furcellaria (can 2 im 
camium ((s58) P- 600) are stated to divide first into two cell 
The sporangia are often terminal on the laterals (figs s. 
C, t) and embedded at the surface of the thallus GEN z B; 263 
. 30, 35, (387) PP- 67, 75, (389) P. 54, (sos) p. 410) Those 91, (330) 
Pia (S5 p. 167) are borne laterally (fig. 263 B, f) on thea Furce. 
cells and are rather deeply immersed within the inflated vU 
263 A). In Plocamium (fig. 263 D) the sporangia (7) 1ps (fi 


RS * are forme En 
special branches (stichidia, f) of simple Structure, which Sn 


margins of the ultimate fronds (475) p. 230). The lar PASE 
(fg. 263 E, t), which develop from the hypodermal cells and GE 
a 


zigzag line along the axis of the stichidium (fig, 263 F), are Gë 
by but a single layer of cells (c). re 

Special nemathecia harbour the sporangia in Fhyllophora and 
Stenogramma. In P. membranifolia ((158) p. 35) they appear as deen. 
red swellings on the fronds (fig. 263 G, n), while those of P. epiphylla 
(G58) p. 28, (558) p. 538) encircle the short stalks of special peltate 
branches. The numerous threads of the nemathecia consist of long 
chains of cruciate tetrasporangia, only the outermost cells being 
sterile (cf. fig. 295 F). The scattered wart-like nemathecia of Steno- 
gramma ((272) p. 163, (310), (330), (735) P. 157) show a similar structure, 

The sporangia of Chondrus ((380) p. 22, (s58) p. 503) develop in the 
younger fronds, during the early months of the year, from the cells 
of small tufted laterals (fig. 263 I, t) borne on the medullary elements; 
the regions in question form dark red swellings on the thalli. In 
Gigartina the laterals producing the sporangia arise from the inner 
cortical cells and are located either in special papillate or leafy out- 
growths (G. californica) or within the ordinary thallus ((s87) p. 51, 
(404) p. 25, (soz) p. 347). The tetraspores in all Gigartinaccae are set 
free by decay.? 


6. THE DiPLoBIONTIC TYPE AMONG RHODYMENIALES 


(a) The Sexual Phase 


Despite the considerable diversity in habit, there is great E 
in the structure of the procarp and in the pos ere pro- 
among Rhodymeniales. The multinucleate supporting Ce (Lei MIT 
carp (su in fig. 264 A, B) is constituted by a young COH MM either 
rapidly enlarges and acquires richer contents. After Pn dB (am), 
one (fig. 264 A, B) or two (fig. 266 A, C) auxiliary er carpogonii 
it gives rise to a three- or four-celled (figs. 266 C; 267 i tans) 
Ze turus ^ 

1 Described by Schmitz ((sox) p. 399) as a parasite (Colacolepis ©, that of 


à n 
* The life-cycle of Gigartinales is considered in Gong 
other diplobiontic Florideae on p. 722- 
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Fig. 263. Tetrasporangia of Gigartinales. A, B, Furcellaria fastigiata (Huds.) 
À, branch with fertile tips; B, transverse section of same, with 
coccin rangia. C, Mychodea foliosa (Harv.) J. Ag. D-F, K, onu 
a eum (Huds.) Lyngb.; D, part of thallus with stichidia (f); E, F, vertica 

lons of branches of stichidium, stages in development of sporangia; 
(G wall part of same in transverse section. G, Phyllophora membranifolia 
) J. Ag., with nemathecium (n). H, Rhodophyllis bifida (G. & W.) 
verse section of thallus. I, J, Chondrus crispus (L.) Stackh.; 


section with young and J, trausverse section with mature 


a, apical cell; c, cover-cells; co, cortex; m, medulla; t, tetra- 
(A, E, F, K after Rosenvinge; G after Darbishire; the rest after 
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branch. ‘The auxiliary cells (a) are cut off from the mot} 
ler- 


to lie near the carpogonta ; e formed prior tg fertilisati Is sq 
remain vegetative, unless sexual fusion occurs, and enlarge im, they 
abundant contents only after that event (42) P. 62, G AN 

) M92 


O e CH 
005 


JO 


Fig. 264. A, C, Rhodymenia pertusa (Post. & Rupr.) J. Ag.; A, procarp, S 
the same, some time after fertilisation. B, D, Mauchea Fryeana Setch.; 
| B, procarp; D, the same, some time after fertilisation. 1, Chrysina 
(Botryocladia) pseudodichotoma Karl., vertical section of fruit. d Sume 
| cell; am, auxiliary mother-cell; ca, carposporangia; ch, carpogonial brane 
1 I, lateral; nu, nutritive tissue; p» protein-mass in auxiliary cell; su, OT, 
7 el t, trichogyne; ep, wall of cystocarp. (E after Bliding; PEE 
Svlin.) 


Q Rater : ch 18 ; cell 
gonimoblast-initial is cut off on the outer side of the auxiliary € 


i - (fig. 266 F) and, during its further development, there 15 e 

fusion of cells; in the Champiaceae this is accompanied WË ug 

PE largement. Nutriment passes to the developing gonimob ADAM 
H by way of the auxiliary mother-cell. 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


} as 
iy 
ire 


he 


= 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


RHODYMENIACEAE 677 
7 


ate auxiliary cell, as in other Rhodymeniales, contains a con- 

nous round protein-mass (P) Meanwhile the overlying cells 
d to form the wall (w) of the future cystocarp. 'l'he gonimoblast- 
d il gives rise to a mass of threads, in which most of the cells pro- 
initi 


Fig. 265. Cystocarps of A, Rhodymenia pertusa (P. & R.) J. Ag. and B, 
Fauchea Fryeana Setch. a, auxiliary cell; am, auxiliary mother-cell; ca, 
carposporangia; po, aperture of cystocarp; 7, reticulate tissue of eystocarp; 
si, supporting cell; «e, wall of cystocarp. (After Kylin.) 


duce small carpospores (fig. 265 A, ca). Within the swollen cystocarp 
(cf. also (oo) p. 211, Lou) the mass of spores is separated by a wide space 
from the encompassing wall (zo). 

lhe antheridia of R. palmata ((87) p. 294, (169), (666) p. 225, (690) 
P: 22) form small irregular sori on the fronds. The colourless mother- 
tells arise by tangential division of the surface-cells and produce 
Successively two primary and two secondary antheridia. 


(ci ue Procarps of Fauchea ((380) p. 33, (634) p- 25) and of Botryocladia 
ae AO) (42) p. 53) are similar, but in the former (fig. 264 B) the 
=: “ty mother-cell (am) bears a short vegetative branch (/). "I he post- 
"tilisation events differ only in the fact (fig. 264 D) that, during the 


Lin, 
tubb 


H 


balmata female plants are unknown and the carpogonia recorded by 
(57) are the hairs mentioned on p. 517 (cf. (189) p. 332, (034) p- 31): 
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enlargement of the cystocarp in Fauchea (ne E. 
of the pericarp stretch to form a reticulate tissue o 

- this is so also in Bindera. In Botry : e 
spores; this is | Um otryocladia en s d. d 
carp projects into the hollow thallus (cf, also Gë 4 E) th 


data about the antheridia are given by Kuckuck (Genie (778)), ES 
+ 213), 


The Champiaceae differ only in matters of detail T 
cell (figs. 266 A, B; 267 A, su) is linked by a primar he Support: 
to the cell of a longitudinal thread (2). The car oon ion 
(figs. 266 C; 267 A) are usually four-celled (te P branche, 
(380) p. 44, (680) p. 26), commonly with the lowest ah "ia p. 347 
extended; they are three-celled in Lomentaria (fig. 2 S trans Versely 
Champia lumbricalis ((289) p. 341). In Chylocladia (fi ^ B) and in 
P. 74, (289) p. 330, (326) p. 133, (380) p. 40, (586) P. 223) E ; (284) 
(fig. 266 D; (42) p. 28),! and not uncommonly in Lomerita 2 voclonium 
(fig. 266 A), there are two auxiliary cells, though in the lis pum 
undergoes further development. The product of face Only one 
of the carpogonial branch (fig. 266 E, f) enlarges PC b E 
in Champia (fig. 267 B; (a) p. 9, (289) p. 344)? a wide sone a 
established between it (f) and the supporting cell (su) Thee 
gonium connects with the auxiliary cell by a short thread GC 
H, c), which may arise from the auxiliary cell (Champia ON 
clonium), from the carpogonium, or from the fusion-cell: in 1 
taria there is not uncommonly a special connecting cell. The di lid 
nucleus divides within the carpogonium and one of the PE 
passes into the auxiliary cell. 

In Chylocladia and Gastroclonium (fig. 266 G) extensive fusions 
result in a large fusion-cell ( fu) occupying the middle of the ripening 
cystocarp ; these fusions involve not only the inner cells of the gonimo- 
blast and the auxiliary cells, but the latter fuse with one another and 
With their mother-cells, as well as with some of the adjacent nutritive 
cells ((42) p. 30, (380) p. 41). In Lomentaria ((380) p. 47) and Champia, 
on the other hand, there is comparatively little fusion. In the former 
the richly branched gonimoblast gives rise successively to a number 
of gonimolobes in which most of the cells form carpospores (cf. 
Rhodymeniaceae), whereas in other Champiaceae (figs. 266 G; 267 E) 
thelarge carposporangia (ca) are terminal and develop simultaneously. 
In Chylocladia and Gastroclonium (fig. 266 F) the gonimoblast-initia 
y divides by successive radial walls into wedge-shaped segments (9 

which subsequently divide-tangentially (fig. 266 G); the inner a 
(g) fuse with the auxiliary cell, while the outer constitute the carp” 
Sporangia (ca). ENT 
© cystocarp-wall begins to develop at the time of fertilisation 2 
the outgrowth, from the cortical cells, of branched threads (figs Se 

E; 267 C, w), the cells of which become joined by secondary P 

z As Chylocladia ovalis. 
Davis’ (164) account of Champia parvula is erroneous: 


p 
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Fig. 266. A, B, Lomentaria clavellosa (Turn.) Gaill., procarps; A, with two 
and B, with one auxiliary cell. C, H, Chylocladia kaliformis (G. & W.) Hook.; 
» Procarp in surface-view of thallus; H, fusion between fusion-cell, formed 
rom carpogonial branch (cb), and auxiliary cell. D, F, G, Gastroclonium ova e 
(Huds.) Kütz.; D, procarp after fertilisation; F, formation of gonimoblests 
» young cystocarp. E, Lomentaria articulata (Huds.) Lyngb., impending 
fusion between fusion-cell, formed from carpogonial branch (f), and auxi iary 
eb Gh auxiliary cell; am, auxiliary mother-cell; an, auxiliary cell nudar 
^ connecting filament; ca, carposporangia; cb, carpogonial branch; co, carra 
cells; cp, carpogonium; dn, diploid nucleus; f, cell formed by fusion o E 5 
of carpogonial branch; fu, composite fusion-cell; g, gonimoblast; 1, cells of 
Ongitudinal threads; pi, pit-connection; su, supporting cell; t, CRE ES 
ah x cystocarp. (A, C after Kylin; H after Hassenkamp; the rest after 
Ing. J 
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Fig. 267. Champia parvula (Ag.) Harv. (after Bliding). À, procarp; B, i 
same, some time after fertilisation; C, formation of gonimoblast-initity 
D, part of reticulate tissue from a mature cystocarp; E, vertical ose o 
cystocarp. a, auxiliary cell; am, auxiliary mother-cell; €, central MORE 
thallus; ca, carposporangia; cp, carpogonium; dn, diploid nucleus: f initial; 
cell formed from the cells of the carpogonial branch; gi, gonimoblast o 
hn, haploid nucleus; /, cell of longitudinal thread; p, protein-mass ol at 
cell; pi, pit-connection: po, aperture of cystocarp; 7, reticulate HET 
Carp; su, supporting cell; t, trichogyne; c, wall of cystocarp: 
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tions. In Champia, and to a less marked extent in Lomentaria, 
ner cells of the wall undergo considerable stretching during the 
the pe ent of the cystocarp ((s) P. 125) and form a loose reticulate 
enlarg 67 D,7) around the gonimoblast (cf. Fauchea). The cysto- 


issue E jocladia and Gastroclonium are devoid of a pore. 
carp : 


Fig. 268. Male plants and antheridia of Rhodymeniales. A, B, Gastroclonium 
ovale (Huds.) Kütz.; A, apex of a male plant; B, section through a male sorus. 
» D, Champia parvula (Ag.) Harv.; C, habit of a male plant; D, section 1 
through a male sorus. E, Chylocladia kaliformis (G. & W.) Hook., developing 
tetrasporangia in longitudinal section. a, antheridial sori and antheridia; 
©, cortical cell; hi, hair-initial; J, cell of longitudinal thread; m, antheridial 
Mother-cell; sc, secondary cortex; t, tetrasporangium. (D after Bliding; 
after Kylin; the rest after Grubb.) 


Blidin ën ighti ding Lomentaria 
g (42) p. 65, (43)) is likely to be right in regarding 
55 the least ee d the Champiaceae, the presence of 


eee i cquisition (cf. how- 
ever coe, cells being probably a secondary acq 
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Most Champiaceae are dioecious. The male sori of Ch 
p. 19, (so) P- 408, (258) p. 192, (486)) form girdle-shaped = ampia lle 
the segments (fig. 268 C, a), while those of Chylocladia nes aroung 
(538) p. 580) encircle the furrows at the level of the dia Ko) ` 249, 
Gastroclonium ovale ((89) p. 185, (58) p. 187) they en Th 
patches on the lower parts of the vesicles (fig. 268 A 3 as White 
Lomentaria ((8s) p. 201, (87) p. 295, (380) p. 47, (558) p. 584): dis While in 
the ultimate branches. The mother-cells (fig. 268 B,D 3 
superficial network Lei p. 19, (380) p. 47) resulting From ane 
na 


Fig. 269. Tetrasporangia of Rhodymeniales. A, Lomentaria clavellosa (Turn.) 

Gaill., developing sporangia, seen from the surface. B, Rhodymenia pertusa 

(Post. & Rupr.) J. Ag., mature sporangia in section. C, Gastroclonium SCH 

(Huds.) Kütz., the same. co, cortical cell; cu, cuticle; l, cell of longiore 

RS sc, secondary cortex; t, tetrasporangia. (A, C after Bliding; B after 
ylin. 


division of the secondary cortical cells (sc), although otters € 
PP. 190, 192, (58) p. 581) affirm that there are further divisions = s 
the mother-cells are produced. Each mother-cell forms 2 0 
antheridia (a). 


(b) The Tetrasporangiate Phase 


The usually cruciate tetrasporangia of Rhodymeniaceac lie 
superficial tissues (fig. 269 B) and probably constitute en 


1 Webber's (718) antheridia are attaching organs ((42 P- 2 


amid the 
d-cells of 
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als. In Rhodymenia palmata ((735) p. 158) 


ter they formi 
short Sec surfaces of the frond and originate from ie 


sori OP psequently become embedded. Kuckuck (364) descri 
E of various species of the Char 
v à (p- 744) has tetrahedrally divided sporangia formed from 
» vecalary CUS: e 

"ES Ge sporangia of Champiaceae ((42) pp. 21, 36, (380) P- 43) 
e tetrahedral spores. They usually originate from uninucleate 
cells of the secondary cortex (figs. 268 E; 269 A, t), which 
enlarge SO that they project into the central hollow (fig. 269 © In 
Lomentaria (42) P- 49, (380) p. 48, (392) p. 41, Gr) p. 131, (680) p. 23), 
however, where the small sori occupy superficial depressions, the 
sporangia develop fromi the terminal cells of short branched laterals 
that arise from the primary cortical cells. 


4, THE DIPLOBIONTIC TYPE AMONG CERAMIALES 


This order, which was first separated from the Rhodymeniales of 
Schmitz (599) by Oltmanns ((500) p. 683) owing to its distinctive repro- 
ductive features, comprises the most specialised diplobiontic forms. 
Several of the peculiar characteristics were already noted by Phillips 
((s17) p. 201). Formation of the auxiliary cell in Ceramiales is deferred 
until after fertilisation (fig. 270 À, B), its mother-cell being the sup- 
porting cell (su) of the carpogonial branch (cb) which is, moreover, 
invariably a pericentral or (in Ceramiaceae) its equivalent.? The 
carpogonial branch represents a lateral borne upon the supporting 
cell and always consists of four cells devoid of laterals, although the 
supporting cell usually bears either one or two sterile branchlets. The 
uniformity of the sexual reproductive apparatus is as significant as the 
loss of all traces of heterotrichy in the early stages of development 


(p. 517). 
(a) The Sexual Phase 


(i) Ceramiaceae. 


The members of this family, which probably represent the most 
Primitive forms among Ceramiales ((380) p. 136, (387) p. 122), are dis- 
tinguished by several characteristics. Communication between the 
tttilised carpogonium and auxiliary cell is usually established by 
means of special connecting cells (figs. 270 B; 272 H, co), no compact 
envelope is formed around the gonimoblast (figs. 270 E, F; 271 E; 
ue J; 273 J), and most of the cells of the latter generally produce 
“pospores. The supporting cell of the procarp is homologous with 
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the fertile pericentral of other Ceramiales. The simpl 

is found in Ballia (Ge) p. 27, (90) p. 497) and in MPICSt conditio 
Antithamnion, where the branches (fig. 270 À, sc) n 
on their basal cells do not differ from the oth 


bes Species of 
A in Catpogon; 
r laterals of limited 


severa 
sterile, 
constit! 
surroul 
branch 
gonimc 
at the | 
Platyth 
‘The cy 

The 
(558) P- 
the firs 
carpogı 
carpogi 
cladia | 
velopm 
Antithe 


N 


In H 
arise o 


Fig. 270. Antithamnion plumula Thur. (after Kylin). A, branch-system with crowde 
two carpogonial branches; B, procarp after fertilisation, formation of con- fertile | 
necting cell (co); C, D, formation of gonimoblast-initial; E, groups of BE ments | 
Carposporangia; F, the same, with enveloping threads (e). a, auxiliary ce" Slightly 
ca, carposporangia; cb, carpogonial branch; co, connecting cell; GENRE the mid 
gonium; gi, gonimoblast-initial; s, sterile cells of gonimoblast; sc, sterile ce the cell 
of fertile axis; su, supporting cell (auxiliary mother-cell); t, trichogyn® 


ateral ; 

growth; in A. pacificum, however, they are reduced to two or BG? ofthe f 
cells ((ise) p. 286,1 (383) p. 48) and in A. spirographidis Schiftn. to two Wann: 
cells(739). In most other Ceramiaceae the fertile lateral is represent 7 N a 
merely by the supporting cell and an overlying sterile cell, althoug qu 
i I 


1 As A. floccosum. 
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i may later divide (G89) p. 85, (397) p. 19). The sterile cell 
Ee ter n 272 B, C, sc) is cut off from the supporting cell prior to 
| (fe 2 m of the carpogonial branch (cf. however (1$0) P- 350). 
e deve oP (089) P- 77) the single fertile member of a whorl is always 

p Crouant Seng sometimes represented only by the supporting 
edu is invariably so in Callithamnion (fig. 273 A), where 


cell, © oe cells in the procarp. 


E plumula (680) p. 61, (518) p. 356, (558) D 366, (586) 
In de carpogonial branch arises from the under side o ‘the basal 
P? 230) T oA, su) of the lateral and, at first, the supporting ce.: does not 
cell fig: 27 way from the others (sc); after fertilisation an aexiliary 
e contents (a) is cut off on the upper side. The fertilised 
fig. 270 B, cp) cuts off a small connecting cell (co) which 
carp ZA the auxiliary cell (a). The gonimoblast-initial (fig. 270 C 
ee originates from the upper side of the latter and gives rise to 
pe Neser threads (fig. 270 E), in which the basal cell (s) remains 
sterile, while the remainder develop into carposporangia. The latter 
constitute several distinct groups (gonimolobes, fig. 270 F) and are 
surrounded by a loose envelope (e) formed from neighbouring sterile 
branches; in A. pacificum (Gso) p. 287) and A. spirographidis (739) the 
gonimolobes ripen successively. Diverse investigators record fusions 
at the base of the gonimoblast ((93) p. 376, (150) p. 287, (518) P. 357). 
Platythamnion villosum ((5o) p. 288, (380) p. 51) shows similar features. 
Te cystocarps of Ballia occur in the axils of the fertile laterals. 
The procarps of Ceramium ((326) p. 120, (380) p. 63, (456), (518) p. 361, 
(st) p. 372) develop just behind the apices. The supporting cell is 
the first-formed pericentral of a segment and commonly bears two 
carpogonial branches, although in C. rubrum there is only one. Two 
arpogonial branches are also met with in the closely related Micro- 
dadia glandulosa ((68) p. 15, (460) p. 292). The post-fertilisation de- 


velopment of Ceramium does not differ in any important detail from 
Antithamnion. 


In Wrangelia penicillata ((69) p. 183, (386), (766) p- 381) the procarps 
E Special distichous laterals of limited growth, which are 
ie at the apices of the main thallus-branches; in these 
me Ed (fig. 271 A-C) the pericentrals of the upper 10-15 seg- 
MES uce whorls of branchlets consisting of only 2-3 cells. The 
the middle seed basal cell of the oldest member of each whorl (su), in 
the cells ee bears a curved carpogonial branch G, 2, 3), while 
lateral is ee (sc) are Sterile; usually only one carpogonium on each 
ofthe fertile | ed After fertilisation (fig. 271 E) all the branchlets (J) 
me eral develop further and form a dense group overtopped 
* Da EE PS sterile branches (e). The gonimoblast-threads (fig. 271 
Secon, ary pit- er the axial cells (a) of the fertile branch and establish 

Connections with the lower cells of the sterile laterals (1). 

inal carposporangia (ca) are formed on branches of the 


ari 


S large term 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


a 


| 
D 
[ 
1 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


N 


de SC" 


686 CERAMIALES 


5 : . The single cystoca f 
reeping gonimoblast. 39 (Gt e 
a fertile lateral, is traversed by the axial cells e e Prodüceq 
with an incomplete, though relatively compact, envelope fo = Provide d 
sterile laterals UL ed by the 


Fig. 271. Wrangelia penicillata C. Ag. A, apex of fertile branch with er 
carpogonia, the successive cells of the carpogonial branches Dune cal 
B, young and C, mature procarp; D, formation of auxiliary cell; E, ver = 
section of mature cystocarp. a, axial cell; au, auxiliary cell; ca, CHIEDO b 
cp, carpogonium; e, enveloping threads; g, gonimoblast; /, lateral; D SCH 
cell; su, supporting cell; t, trichogyne. (E after Bornet and Thuret; 
after Kylin.) 
> . ; ; o nsist 
The fertile branchlets of Griffithsia! (fig. 272A, B, f b), joe 
of a few multinucleate cells (3 in G. corallina; 5 in G- SERO 
from the apices of the large axial cells (a), although soon Ce“ 5 
3 X 6, (51 
1 See (193) p. 132, (326) p. 122, (375), (383) p. 58, (428) p- 656, CPE 
P- 357, (586) p. 236, (638) p. 58, (647). 
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ent of a lateral. The lowest cell of the branchlet (fig. 
velopm" gives rise to the envelope of the cystocarp, while the 
6,2) Pee 2) produces the procarp. This cuts off three (usually 
end £ globifera) uninucleate pericentrals (cf. Spermothamnion 
"amnion), those to the right and left developing into two- 
f ), the basal cell of which bears a carpogonial 
«led " also fig. 272 B). There is direct fusion between the 


Jar) The auxiliary cell (fig. 272 D, au) produces several gonimo- 


e few x 
D. either sessile (G. corallina) or borne on short branchlets, are 


suited between the large cells of the thallus. Similar cystocarps 
ocur in Halurus ((478) p- 399) and Bornetia ((69:) p. 158). 

In recent years the fruit-development of Spermothamnion roseolum 
has been repeatedly investigated.? The procarps (fig. 272 E, F) are 
produced on short laterals occupying the lower portions of the side- 
branches. The three upper cells (1—3) of these laterals possess dense 
contents and, as in Griffithsia, the subterminal one cuts off three 
pericentrals; the first, which subsequently degenerates, is formed 
abaxially (p in fig. 272 F), the others on the right and left flanks 
spectively (p and su in fig. 272 E; su in F). One of the latter consti- 
utes the supporting cell (su) of the carpogonial branch and produces 
single sterile cell (sc); the carpogonial branch (fig. 272 F, cb) curves 
towards the adaxial side of the fertile lateral. The entire procarp is 
tveoped in mucilage (m). 

After fertilisation both of the last-formed pericentrals (one the 
"ipporting cell of the carpogonial branch, fig. 272 G, H, su) cut off 
aniliary cells (au). The carpogonium (fig. 272 H, cp) puts out pro- 
tses (co) which b. 9 i 
m ic ‚become cut off as connecting cells and fuse with the 
SCH y cells; according to Drew ((176) p. 562, (179) p. 472) the 
HBote-nucleus divides twice and products enter the respective con- 


necti 5 8 2 
“ing cells. Some investigators ((ss8) p. 303, (606) p. 239) record 


1 

Lewis’ 

op "I5 statement (cf. also (so) p. 207) that in G. globifera the supporting 
1 


S 
: fines as the auxiliary cell remains doubtful. 
lion of the = P. 53) and Schussnig ((606) p. 236) differ in their interpreta- 
N 834 and ees (cf. also (387) p. 79, (389) p. 60, (558) p. 302; (603), (604) 
y Drew and othe Note 2 on p. 683); that of the former, which is supported by 
f dni eo ae (z9) P- 568, (179) p. 471, (460) p. 283) is adopted here. The 
Sp. 27) are Gee ((68) p. 28, (326) p. 115, (478) p. 348, (500) p. 705, 
part correct. 
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The | 
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Fig. 272. A-D, Griffithsia corallina (Lightf.) Ag.; A, early development of tlongate 
carpogonial branch; B, almost mature procarp; C, diagram of fertile axis, wit (b) form 
two procarps; D, post-fertilisation fusions and formation of gonimoblast cel (o). 
initials (1-3 in A-D the three cells of the fertile axis). E-J, Spermothanme Qm 
roseolum (Ag.) Pringsh.; E, young procarp seen from the abaxial si tar’ The | 
procarp at time of fertilisation seen from the flank; G, formation SE rare 
cell; H, formation of connecting cells (co); I, development of D cell: mies 
J, mature gonimoblast (1-3 in E-I the cells of the fertile axis). d, Pint ir ici 
au, auxiliary cell; ca, carposporangia; cb, carpogonial branch; T EN onimo- me 
cells; cp, carpogonium; e, enveloping threads; fb, fertile branc E Co pit- ther. 
blast; gi, gonimoblast-initial; m, mucilage-envelope; $, BT trichogyn® 1 Se 
connections; s, spermatium; sc, sterile cell; su, supporting Sa i5 N26 ( 
(After Kylin.) j | (y P. i 
i | Matters e 
: ` À Day; 

VI 


~ 


H FA 
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between the cells of the carpogonial branch. The auxiliary 
pions T. transversely into four (fig. 272 I, g) and each segment 
div! eral laterals forming terminal carposporangia (fig. 272 
Ee products of the two gonimoblasts usually combine to form 
ja m: which is surrounded by a few sterile threads (e), arising 
a single lower cells of the fertile branchlet. 
from the ithammion" the procarp (fig. 273 A) normally includes two 
In Ca mother-cells (pericentrals), only one of which (sw) bears the 
b d carpogonial branch (cb); the other (m) is sometimes wanting. 
me $ ogonium (cp) lies about midway between the two mother- 
The E of which (fig. 273 B, I) produces an auxiliary cell (a). The 
Ca carpogonium (fig. 273 C, I) broadens and divides longi- 
Sak into two cells (co). Each of these cuts off a small connecting 
Dës 224 E, co: 273 B, cc) which fuses with a slight protuberance 
fe 7 C, D) from the adjacent auxiliary cell (a); there is consider- 
| Ae resemblance to the mode of formation of a secondary pit- 
‘onnection. The nucleus of the auxiliary cell (an) takes up a basal 
position, while one of the two diploid nuclei (dn) travels to the apex 
of the auxiliary cell, meanwhile undergoing considerable enlarge- 
ment. The degenerating auxiliary nucleus (figs. 224 F, hn; 273 E, an) 
and the other diploid nucleus (dn) are cut off by a basal septum, 
while the gonimoblast (fig. 273 F, g) arises from the apex of the 
auxiliary cell. The naked masses of carposporangia are either spherical 
(C. corymbosum, fig. 273 J) or composed of a number of successively 
maturing lobes (C. Furcellarieae (374)). In Seirospora Griffithsiana ((so) 
p.224, (460) p. 284, (soo) p. 116), with similar procarps, the gonimo- 
blasts are loosely branched. 


The procarps of Ptilota plumosa ((380) p. 59, (518) p. 362)° are again 
borne on short laterals in which the subterminal cell produces three 
pericentrals, but here the carpogonial branch arises from the first- 
formed abaxial one (fig. 274 A). The details are difficult to decipher 
GH to the outgrowth of all three pericentrals, as well as of the 
tminal cell of the fertile lateral, into sterile branchlets ending in 


4 pu unicellular hairs (x). The fertilised carpogonium (fig. 274 B, 
t- cl (a) Ge Special connecting cell (co) which fuses with the auxiliary 
on SI h € procarps of Plumaria elegans (80) p. 350, (518) p. 362, (660) 
B The AO Important differences. | 
M Pape (fu pinnae of Compsothamnion ((737) p. 357) develop their 
ll; Producing ae G) in the same way, the subterminal cells successively 
E ‘Sterile cel] Ga Pericentrals (pr, su, p3), each of which generally bears 
A Mother-cells sc). The second and third pericentrals constitute auxiliary 
o À Sue € and the former produces the carpogonial branch. Te 
ing Be: (425) p. 117, (461) p. 179, (499) p. 115, (558) p. 316, (586) 
d ma 145, SRM) p 135, (734) p. 164, (736) p. 197. The older accounts 
q ES detail, >? 326) p. 117, (692) p. 69) are not altogether correct in 


is” accou 
nt ((163) p. 356) of P. serrata is erroneous. 


but 


45 
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Fig. 273. A-F, J, Callithamnion corymbosum (Smith) 
system with young procarp; B, formation of auxiliary an 
the parts somewhat displaced; C, D, fusion of the two; # 
gonimoblast-initial; F, later development of gonimobla 
blasts. G, H, Compsothamnion thuyoides (Smith) Schmitz; G, 
H, mature gonimoblast. I, Callithamnion Furcellariae J. Ag: ; 
auxiliary and connecting cells. a, auxiliary cell; an, auxiliary SC the two 
ca, carposporangia; cb, carpogonial branch; cc, connecting cells; onium; 
cells into which the fertilised carpogonium divides; cp, care mother- 
diploid nucleus; g, gonimoblast; gi, gonimoblast-initial; m, aux) e (G, H 
cell; 5, pericentral; sc, sterile cells; su, supporting cell; t, GP rest after 
after Westbrook; I after Kylin; J after Thuret and Bornet; 

Oltmanns.) 
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vits (hg. 273 H) are lobed. The sterile cells cut off from the d 
det Be third pericentrals, after further division, usually produce 
which establish pit-connections with the cells of adjacent 
p 
teal union ((69) p. 179, (387) p. 77) is essentially like Spermo- 
priloth although the procarps are usually produced at the tips of 
an ches and a single auxiliary cell is the rule. Sphondylo- 


longer, n (69) P- 180, (458) p. 189) also has similar procarps. 
DE of Spyridia ((s20) p. 552) are formed on adventitious laterals 


, which consist of alternating sterile (s) and fertile (f) seg- 
(fig Gare latter produce procarps alternately to right and left, the 


pas. segment forming four pericentrals (D), one of which (su) bears 
ra arpogonial branch. Growth in length of the axis is terminated by 
the 


fertilisation of a procarp. The first of the several pericentrals of each 
ji segment gives rise to a “filament” (fi), while the others, as well 
CUM pericentrals of fertile segments whose procarp fails to develop 
mes grow out into richly branched threads (fig. 274 E, e). The other 
changes occurring after fertilisation are obscure and require further 
investigation. According to Phillips ((s20) P- 555) there are three goni- 
moblasts (fig. 274 D, E, g) which arise from cells (sa) cut off from the 
three remaining pericentrals (p) of the fructifying segment; these cells 
are stated to put out processes (fig. 274 E) which fuse with the large 
auxiliary cell (a)—a very unusual state of affairs. Many of the gonimo- 
blast-cells produce carpospores. The entire fertile branch (cf. Wrangelia) 
gives rise to a three-lobed fruit and the carposporangia are embedded 
amid the sterile threads described above (cf. fig. 274 E); only the basal 
parts of the "filaments" persist. 


Kylin (89) p. 76) distinguishes among Ceramiaceae two series, 
viz. (a) Crouania, Antithamnion, Platythamnion, Ceramium, Wrangelia, 
in which the branches bearing procarps are homologous with vege- 
lative laterals of limited growth, and (b) Griffithsia, Spermothamnion, 
À Ptilota, Callithamnion, in which vegetative laterals of limited growth, 
comparable to those which bear the procarps, are lacking. In the 
second series the fertile laterals are always reduced to a few cells. ` 
The vegetative laterals, seen in Griffithsia, Sphondylothamnion, and 
P Halurus, are iegarded as secondary in origin and not as homologous 
j With those of a Crowania or Antithamnion. This point of view is 


- WC a comparison of the mode of origin of the procarps in the | 
À genera. 
j d 
5 SC eene are dioecious and the male plants are frequently 
m, Usually Pw the female; Spermothamnion and certain Ceramiums are i 
[- fig 275 Ce The antheridia commonly form dense clusters | 
H | Upper sides ne’ a) on branchlets that arise for the most part from the 

5 "9 <s of the laterals, as in Antithamnion plumula ((93) p. 374, (558) 


Co » Spermothamnion ((179) p. 470, (558) p. 301, (606) p. 230) and | 
Of the eae ((89) p. 185, (737) P. 356). One or two of the basal cells | 
nchlet are generally sterile (fig. 275 I, K, s), while the mother- | 

| 
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by periclinal division of the remaind 


: er. ; 
fig. 275 G) constitute spherical or cus The Sori of 


hion-like groups 


(APTE) 


5, 


OP 03207 


Ne 


> 


Fig. 274. A, B, Ptilota plumosa (L.) Ag. (after Kylin); À, apex of SE a 

system with hairs and a young procarp; B, formation of Rx ); C, part 
necting cells, C-E, Spyridia filamentosa (Wulf.) Harv. (er um ee of a 
of a lateral bearing procarps; D, transverse and E, et ere cell; cb, 

developing cystocarp. a, auxiliary cell; ac, apical cell; o E eads forming Fig. 27 

carpogonial branch; co, connecting cell; cp, carpogonium ; % En onimoblast- Up of a 

envelope; f, fertile axial cell; fi, “filament”; g, gonimoblast; DE of gonimo- anthers 

initial; A; hair; p, pericentral; s, sterile axial cell; sa, parent-ce » dist 

blasts; su, supporting cell; ¢, trichogyne. D, Gri 

^ d of a dense mass EUR 

enclosed in a common gelatinous sheath and compose 9 yminally. In omen 

of small-celled threads on which the mother-cells arise te (733) p: 135 Seimi, 

733) P: 

1 See (85) p. 258, (258) P: 223, (453) p- 17, (558) P- 316, (692) Pp: 69; „cart 

(734) p. 162, (736) p. 196. Dm 

1 

Hate 
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Fig. 275. À 
tip of a mal 


ntheridia of Ceramiaceae. A, Griffithsia globifera (Harv.) J. Ag. 
antheridial S plant with antheridial sori (a). B, Wrangelia penicillata C. Ag., 
»distributi inch: C, I-K, Spermothamnion repens (Dillw.) Rosenv.; 
; Grifithsia coy en theridial sori; I-K, a sorus enlarged, in J in cross-section. 


lina (Lightf.) Ag., one of the antheridial branches com- 
mim (Hu ds.) e Ceramium diaphanum (Lightf.) Roth, two sori. F, C. 
(orymbosum (S ^ Ag., surface view of small part of same. G, Callithamnior. 
"hmi ; anth mb) C. Ag. and H, Compsothamnion thuyoides (Smith; 
!COrtica] el sori. a, antheridia or antheridial sori; ax, axial cell 
| Stalk-cel], (ns €, enveloping threads; A, hair; m, antheridial mother-cell 
l ter Kylin; uns Lewis; B atter Boergesen; C, I-K after Rosenvinge 
er Van Taylor; F after Grubb; G after Thuret & Bornet 


Posing a Sorus. 
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18) p. 365, (558) P. 357) and Plumaria ((86) p.2 
te cover the tips of the finer branches. The set 354) 
in Ceramium ((84) p. 3425 (8s) p. 260, (258) p. 228, (s13) PP. 5o, Dan 
by division of the cells of the cortical bands (fig. 275 E, F), whi S 
Ry (p. 260 (sip p- 551) the greyish sori occupy theresa 

he “filaments ”. 

Be E male heads of Wrangelia (sai p. 121, ( 
simulating the conidiophore of an Eurotium (fig, 275 
numerous branchlets borne on the globular terminal cell and enveloped 
OI one-celled threads (e). The antheridial sori of Griffithsia (Gs8) 
p. 215, (375) p. 113, (638) p. 57, (692) p. 71), lastly, form caps on the 
terminal segments or encircle the constrictions between the younger 
cells (fig. 275 A, a); they consist of densely branched laterals (fig. 275 
EE mainly of uninucleate cells. For the male sori of Halurus 
see (258) p. 220; for those of Bornetia, see (458) p. 192. 

The mother-cells usually produce two or three antheridia (fig. 275 
D, F; four in Halurus) and secondary antheridia are often formed. 


766) p. 380), 
B), Comprise 


(ii) Delesseriaceae. 


Of the two groups of sterile cells, characteristic of the procarps of 
this family (figs. 277 A; 279 B, C, E), one (sr) is cut off from the 
supporting cell (su) before, and the other (s2) after, the formation of 
the initial of the carpogonial branch (cb). The first group is homo- 
logous with the sterile cells of Ceramiaceae and, as there, represents 
what is left of the fertile lateral bearing the carpogonial branch (cf. 
p. 684). The second group, on the other hand, is homologous with 
the carpogonial branch itself, since in Polyneura (fig. 281 C) and the 
Australian Hemineura ((382) p. 5) it is replaced by a second (2), though 
less strongly developed, carpogonial branch (6582) p. 36, G89 p. 85, 
(39) p. 17); according to Phillips ((:9) p. 193) this is sometimes also 
so in Apoglossum ruscifolium. In the Delesserieae, by contrast to the 
Nitophylleae, the first set of sterile cells acquire dense contents only 
after fertilisation. ; 

In all Delesserieae the procarps arise from the axial cells of the 
fertile fronds. In Delesseria sanguinea’ these are constituted by E 
lanceolate leaflets, arising in considerable numbers in annn T 
the midribs of the vegetative fronds. Every axial cell of such a u 
leaflet, apart from a few of the apical segments which develop only 
lateral pericentrals (fig. 276 B, p), produces a pair of | f in the 
276 A). The first step in their development is the cutting 0^» fi 
plane of the frond, of tangential pericentrals (cf. fig. 279 Df linally 

à : s periclin 
function as supporting cells (fig. 276 A, su). Each divide: P duong 
(fig. 276 E) to produce the first sterile cell (sc), after whic 11 (cf. also 
of the carpogonial branch (cb) is cut off by an anticlinal w Yo right 
fig. 279 E). The carpogonial branches usually arise alternately 


p. 275, (668). 


! See (353) p. 42, (380) p. 95, (519) p. 175» (665) 
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Fig. 276. Delesseria sanguinea Lamour. ; A, side-view of fertile frond; B, part 
ofa fertile frond in front view, greatly enlarged; C, outline of cystocarp, seen 
i the side; D, longitudinal section in a plane perpendicular to B, with 
of ne Cystocarp; E, developing procarp in section; F, procarp at time 

fü "sation; G, cystocarps (cy) on midrib of frond of previous season; $ 
cell SEH of gonimoblast-initial. a, axial cell; ac, apical cell; an, auxiliary : 
8 NON n] au, auxiliary cell; cb, carpogonial branch; f, tip of fertile frond ; 

Td m ast; gi, gonimoblast-initial; m, midrib; n, trichogyne nucleus; 

| fup > ral; pe, stalk of cystocarp; po, aperture of cystocarp; sc, sterile cell; 
Svede v tting cell: 7, trichogyne; w, wall of cystocarp. (E, F, H after 

Vs; the rest after Phillips.) 
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in successive segments (fig. 276 B), the paj : 
Geen being mostly directed to the eR side, onging to à 
trichogynes (t) project obliquely above the general Surface A 
second cell of the carpogonial branch is larger than the gie 7 
276 F). As many as 50 procarps may be formed in a fertile I (fig. 
hey mature in acropetal succession, fertilisation ito S and, 
x: prolonged period. At about the time of fertilisation E Ssible 
sterile cell (not visible in the figures) 1s cut off from the su €cond 
cell and both sterile cells divide to form short threads (ct fig, ane 
j SI, $2). e S) 
Br 2 fertile leaflet forms a single cystocarp and, as a ge 
rule, probably only one procarp is fertilised. According to PA 
(619) P 180) its axial cell and the associated pericentrals, as well S 
the adjacent axial cells, acquire abundant contents so that they are 
readily picked out with a lens in a leaflet suitably stained. The lower 
cells of the carpogonial branches of the remaining procarps grow out 
pericarp 


since t 


into vegetative threads and help in the formation of the 
(fig. 276 D, w). The carpogonium fuses directly with the auxiliary 
cell of the fertilised procarp, while the gonimoblast-initial (fig. 276 
H, gi) gives rise to a richly branched thread, in which many of the 
cells form carpospores. During these events the cells of the sterile 
threads (fig. 276 D, sc) have multiplied and acquired dense contents; 
later the cells disintegrate leaving a cavity which is occupied by the 
gonimoblast. The auxiliary cell fuses with the supporting and axial 
cells, as well as with some of the older gonimoblast cells, to form a 
large fusion-cell (cf. fig. 277 D, f), upon which the rows of carpo- 
sporangia are borne. The mature cystocarps (fig. 276.C, G) are pedicel- 
late (pe) and provided with an aperture (fig. 276 D, po); they consti- 
tute asymmetrical swellings (fig. 276 C), the surmounting flap (/) 
representing the apex of the fertile leaflet. 

The arrangement and structure of the procarps (fig. 277 A, B) and 
the mode of production of the cystocarp (fig. 277 D) are essentially the 
same in Membranoptera ((380) p. 112, (s19) p. 185), Apoglossum ((380) 
p. 87, (19) p. 188), and Hypoglossum ((382) p. 10, (519) p. 187), although 
here the procarps arise from the midribs of the ordinary vegetative 
fronds (figs. 189 D; 277 C). Similar cystocarps occur in Caloglossa 
((146) p. 9). 

In Grinnellia the procarps usually appear scattered ( i 
as in Nitophylleae, but they actually arise ((382) p. 22)’ from fertile 
leaflets (fig. 278 A, the shaded group) resembling those of a De 
although completely embedded in the parent-thallus; the SE 
arises from one of the axial cells (a) of such a leaflet. Occasion? y 
fertile expanses develop as leafy structures projecting above EN ed. 
(fig. 278 C, f) and within them a number of procarps may be to 
the resulting cystocarps then appear stalked (fig. 278 B, cy): 


Ran r 
Ts See also the account of Brannon ((75) p. 14) which is, poses 
in certain respects. 


fig. 190 A, al 


erroneous 
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Fig. 277. A, C, Membranoptera alata (Huds.) Stackh.; A, apex of frond 

showing development of procarps, in surface-view; C, part of a frond, with 

two cystocarps (cy). B, D, Hypoglossum Woodwardii Kiitz.; B, surface-view 

of part of frond, with developing procarps; D, transverse section of cystocarp. . 
a, axial cell; ac, apical cell; au, auxiliary cell; ca, carposporangia; cb, carpo- 

gonial branch; cp, carpogonium; f, fusion-cell; sz, s2, sterile cells; su, sup- 

porting cell; t, trichogyne; w, wall of cystocarp: 7 (in A), the first-formed 

sterile cell (deeply shaded). (After Kylin.) 


Fe 


© 


AN 1 
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moblast 


off tan 

(fg. 27 

the Sup 

Afte 

à Y nutriti 

F ig. 279. Phycodrys rubens (Huds.) Batt. (after Kylin). A-C, qe iYe Sn Well as 

in development of procarp, in surface-view; D-H, the same, 1n ps in in length 

tions of the frond; I, formation of auxiliary cell and nuclear e ciliary Visio; 

carpogonium; J, formation of gonimoblast-initial. a, axial cell; blast-initial; i lo) T] 
‘cell; cb, carpogonial branch; cp, carpogonium; gi, gonime hogyne; CIF di 

D, pericentral; sz, s2, sc, sterile cells; su, supporting cell; t, trie ; n 5 

wall of cystocarp. * p) ir 

thread, 
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laudea ((508) p. 21) and Van 1 

carps of Claud voorstia ((508) p. 43) 

The PP ne dorsal pericentrals (p. 539). The single cystocarp, pro- 

- grise ie each fertile frond, bears tooth-like Projections on its lower 

duce 1 representing daughter-blades which have failed to anastomose. 
c 


godrys rubens ((357) P- 255, (380) p. 71, (sro) p. 191), like other 

leae, shows an irregular disposition of the procarps, which 
s white dots near the margins or on special marginal pro- 
ap tions of the older fronds. The fertile cells, which are larger and 
Eer contents (fig. 279 À, su), cut off tangential pericentrals 
go Da which divide like those of Delesseria to form pairs of 
E (fig. 279 E-G), with the trichogynes standing pérpendicular 
K frond (fig. 279 H). The adjacent vegetative cells likewise cut 


Fig. 280. Vertical sections of cystocarps of Nitophylleae (after Kylin). 


d on rubens (Huds.) Batt. B, Nitophyllum punctatum (Stackh.) Grev. 


a Hilliae (Grev.) Kyl. ca, carposporangia; f, fusion-cell; g, goni- 


moblast; w, wall of cystocarp. 


coe pericentrals (fig. 279 F-H, p). Both sterile cells divide 
the Non » SI, $2), the colourless elements thus formed overlying 
E em cell (su) and carpogonial branch. 

Nutritive en On (fig. 279 D), as the auxiliary cell (au) is cut off, 
Well as in + ae accumulate in the axial (a) and adjacent cells, as 
"then at ri Re groups of sterile cells (sz, s2), while the latter 
division of t 8t angles to-the surface (fig. 279 J). Simultaneously 
0). The Soni Surrounding pericentrals initiates the cystocarp-wall 
tise, the cells E blast-initial (gi) segments vertically to form a small 
18) in whic 9! which give rise to richly. branched threads (fig. 280 
thread radi 2-4 of the upper cells produce carpospores (ca). These 

ate from a large fusion-cell (f) which is formed as in 
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Delesseria. During the development of the gonimoblas 
(nutritive) cells disorganise, the resulting gap forming 
of the cystocarp. . 


ther Nitophylleae are essentially similar (cp. fi. 281 D w 

In Polyneura (G82) p. 35, (19) D. 193)," as already noted abo J). 
second group of sterile cells is replaced by a Carpogonial brass RD 
281 C, 2) which is sometimes imperfect; in Cryptopleura (es (fig, 
p; (482) p. 86, (442) p. 394, (519) p. 193)! the sterile gro * 195 A, 


t the Sterile 
the aperture 


Fig. 281. A, B, Nitophyllum punctatum (Stackh.) Grev.; A, young procarp, 
seen from the surface; B, procarps, in transverse section of frond. G D, 
Polyneura Gmelini (Grev.) Kyl.; C, two procarps (z, 2), seen from the surface; 
D, post-fertilisation changes, transverse section of frond. E, Cryptop We 
lacerata (Gmel.) Kütz., procarp seen from the surface. F, Martensia frogs 
Harv., transverse section through fertile margin of lamella, with An , 
carp. a, axial cell; au, auxiliary cell; c, axial cell; cb, carpogonia Se 
co, cortical cells; cp, carpogonium; gi, gonimoblast-initial ; SI, $2, "3 GE 
cells; su, supporting cell; ż, trichogyne; w, wall of cystocarp: 
Svedelius; the rest after Kylin.) 

inal 
$I, $2) include very few cells. Diverse Nitophylleae foro M 
carposporangia only. This is so in Cryptopleura, Nitophy: un Martensia 
(fig. 280 B; (382) p. 70, (396) p. 6), Acrosorium (509), Gh fertile cell 
Nitophyllum differs from other Delesseriaceae in that t i: that first 
(fig. 281 B, c) cuts off on either surface two pericentta m 


1 As Nitophyllum. 
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roducing two or three ordinary cortical cells (fig. 281 A, 
m N the'other is the supporting cell (su), which, wpart from the 
while branch (cb), bears only one group of sterile cells (sc). 
ame Sie ((663) P- 81) the procarps arise within, the margins of the 
jn Ma d lamellae (p- 541). In a transverse section (fig. 281 F) the 
pngitud! cell (su) is seen to be cut off as usual from one of the axial 
supporting ch are continuous with the single-layered part of the 
QU cells of the carpogonial branch are multinucleate. The 
mella. cell is stated to establish connection with the second cell of 
guxillaTY ‘al branch, but this requires confirmation. The richly 
the carp goni blast-threads are surrounded by a number of nutritive 
: from the supporting and perhaps also from adjacent 
CS no fusion-cell is formed. The mature cystocarps appear as 
' wellings on the margins of. the longitudinal lamellae. 


The 


ants are COM 
which is very m ert 
m (67 P- 296, (357) p. 255, (380) p. 103, (667)) the antheridial sori 
cover both surfaces (except for a narrow margin) of the minute male 
fronds. Those of Membranoptera (87) p. 296, (380) p. 112) frequently 
occur on similar proliferations situated in the angles between the 
branches. In Vanvoorstia (508) they cover the ultimate blades, which 
have not yet anastomosed, while in Gonimophyllum ((27), (382) p. 95) they 
occupy practically the whole frond. The sori of Martensia (fig. 282 H, 
a; (663) pp. 59, 66) occur on either surface of the longitudinal lamellae. 
In other Delesseriaceae the sori occupy more restricted areas. Thus, 
in Apoglossum ((87) p. 296, (357) p. 256, (380) p. 90), Caloglossa Leprieurü 
(ko)p. 343, (146) p. 9), and Hypoglossum ((85) p. 261) they are situated on 
either side of the midribs, while in Phycodrys ((357) p. 255, (380) p. 66) 
and Cryptopleura ((86) p. 249, (258) p. 198, (382) p. 88) they appear within 
the margins of the younger fronds (fig. 282 C); in the former they some- 
times occupy special marginal proliferations. The marginal sori are 
often broken up into separate groups, as in Polyneura (fig. 282 F; (87) 
P: 295, (258) p. 194, (382) p. 43) and Nitophyllum ((382) p. 73, (473) p. 210). 
he minute male sori of Grinnellia ((75) p. 13) are irregularly scattered 
over the thallus (fig. 282 B). 
ae er bearing antheridia always become several-layered (fig. 
tities h the many small mother-cells (m) being formed by anticlinal 
Ee the pericentrals. As a general rule two or three antheridia 
uced successively (fig. 282 D, E); in Martensia they are formed : 
striction (fig. 282 G) and occur in short rows. 


(ii) Rhodomelaceae. 


| 
1 most Rhodomelaceae (cf. 92) p. 108, (s16), (s17)) the procarps are 


orm, ` 
wé fe the trichoblasts (p. 544), generally on the suprabasal seg- 


8. 283 A, B; 284 À, 2) which, like the basal segment (1), 


1 
In £ 
ima dmela ((192) p. 597, (558) p. 459) sometimes on the third or fourth 
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Fig. 282. Antheridia of Delesseriaceae. A, Delesseria sangut B, Grinnellia 


transverse section of male frond, antheridium-development. the surface. 
americana (C. Ag.) Harv., development of antheridia seen DE, Polyneura 


C, Phycodrys rubens (Huds.) Batt., part of frond with sori. E, in surface- 


- Hilliae (Grev.) Kyl., antheridium-formation ;. D, in N a (Grev. 


view, the numerals indicate the order of development. F, P. © G, transverse 
Kyl., part of frond with sori. ,G, H, Martensia fragilis Harv-i 7» «cos view 
section of part of lamella showing antheridium-development; © Sr cell; m 
of a lamella with sori. a, antheridia and antheridial sort; © Bou "i after 
antheridial mother-cells; mr, midrib. (A, G, H after SE 
Grubb; the rest after Kylin.) R 
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siphonous. The fertile segment normally produces five 

eme HS 284 B-D). The first two (x, 2) are cut off abaxially, 
jcen (3, 4) on the flanks, and the fifth (su) on the adaxial 

) side; this last one gives rise to the procarp. It produces in 
sion (figs: 283 D; 284 A, su) a lateral sterile cell (sr), the four- 
ycces arpogonial branch (cb), and lastly the second (basal) sterile 
celled © cf, especially (397) p. 5), a sequence identical with that found 
a iaceae (p. 694). The first sterile cell, as in other Ceramiales, 
nts the only vegetative cell of the fertile lateral, while the 
which corresponds to that of Delesseriaceae and Dasyaceae, 
` homologous with a carpogonial branch (cf. also (516) p. 294, (605) 
is 2x2, 262). The sterile cells divide after fertilisation (fig. 283 F 

Med may fulfil a nutritive function ((389) p. 84), although it has also 
e suggested that they serve to separate the cystocarp-wall from 
the developing gonimoblast ((371) p. 45). The cells of the carpogonial 
branch are commonly binucleate (fig. 283 D; (756) p. 413). The 
auxiliary cell is cut off apically from the supporting cell, and the 
gonimoblast develops sympodially (cf. below). ‘The cystocarps (figs. 
283 J; 284 E; 285 D) always have a definite aperture and the wall is 

roduced mainly from the two lateral pericentrals of the fertile 
trichoblast-segment (fig. 283 C, e). It is characteristic of Rhodo- 
melaceae that this envelope usually commences to develop already 
prior to fertilisation. 

These general features are well illustrated by Polysiphonia,! where 
the fertile trichoblasts arise just behind the apex. The development 
of the procarp (fig. 283 A-C) takes place as above described. The 
sterile cells, which Yamanouchi ((756) p. 416) incorrectly calls auxiliary 
cells, divide transversely after fertilisation (fig. 283 E, sc), while an 
open communication is established (fig. 283 I) between the carpo- 
gonium (cp) and auxiliary cell (au). In P. decipiens Connolly (pa) 
P 131) describes the formation of a connecting cell, which fuses with 
the auxiliary cell; this has not been observed in other species, 
although recorded also in Laurencia pinnatifida ((380) p. 127). It is 
probable that only one of the two diploid nuclei (fig. 283 I, dn) passes 
into the auxiliary cell, which fuses with the supporting cell (su); later 
the fusion-cell also amalgamates with the axial cell of the fertile seg- 
ment. The mode of development of the gonimoblast is peculiar to 


represe 
second, 


e, ees ((r92) p. 100). The initial gives rise to a number of 
llia T reads, the terminal cells of which develop into large and 
= only pear-shaped carposporangia (fig. 283 J, ca), while the 
ce- BE ones grow out into two-celled branches, the end-cells of 
v) in their turn produce carpospores. This sympodial develop- 


N 


1 
S 
older ie P: 129, (380) p. 118, (397), (399), (516) p. 297, (547) p. 20, (710). The 
Correct, ee) P. 150, (68) p. 61, (586) p. 237, (590) p. 117) is only in part 
tilisation damanouchi's account ((756) p. 418) of the events following on fer- 


D not agree in detail with those of any subsequent investigation. 
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Fig. 283. A-C, E-K, Polysiphonia; J, P. violacea (Roth) Grev.; the others 
P. nigrescens (Huds.) Grey. A-C, young procarps, at slightly different stages, 
in optical section in B and C; E-H, formation of auxiliary cell and develop 
ment of cystocarp-wall; I, fusion between carpogonium and CREE P 
J, mature cystocarp; K, structure of cystocarp-wall. D, Brongniarte | 
byssoides (Good. & Wood.) Schmitz, procarp. a, axial cell; an, aueh) Zu 
nucleus; au, auxiliary cell; ca, carposporangia; cb, carpogonial m of 
cb, carpogonium; dn, diploid nucleus; e, cystocarp-wall (in Kanne dd sto- 
wall); p, pericentral; pe, outer layer of cystocarp-wall; po, Decree e dn 
Carp; ST, $2, sc, sterile cells; su, supporting cell; t, trichogyne; tr, tric tricho- 
The numerals z, 2 in A, B, D indicate the two basal segments of the 


RTE after 
blat, Ne after Rosenberg; J after Rosenvinge; K after Phillips; the rest 2 
ylin. 
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continue for some time, the resulting threads bearing 
d D» ripening carposporangia which are irregularly inter- 
ge reanwhile the fusion-cell unites with the gonimoblast- 
pingle A with the sterile cells (G41) p. 130, (389) p. 84, (s21) p. 149). 
i n Aen of the cystocarp! originates, already before fertilisa- 
phe en A, C-F, e), by the outgrowth of threads arising mainly 
gon ( a lateral pericentrals of the fertile segment, although the 
fom the Central of the basal segment (fig. 283 A, T) usually also 


of an oyster, 


the two 
cuts 0 ; : : 
omes two-layered, with twice as many rows of cells in the outer as 
c 


inthe inner layer. Bornet NC) p. 306) describes an abnormal fruit, in 
which the threads composing the envelope were free at the apices and 
here formed pericentrals on all sides. The spherical or urn-shaped 
ojstocarps (fig. 283 J) are borne on a short stalk, formed from the 
basal segment of the trichoblast, while the aperture (po) is directed 
upwards. The upper part of the trichoblast is usually shed. According 
to Rosenberg ((s+7) p. 24) Brongniartella byssoides shows altogether 
similar features.” 


ones, 


Other Rhodomelaceae differ in the main only in the position of the 
procarps and in the structure of the cystocarp-envelope. The fertile 
trichoblasts are, as in Polysiphonia, comnronly branched (e.g. Pollex- 
fenia; Herposiphonia, fig. 205 E, t; Placophora), but in Rhodomela (92) 
p.598, (371) p. 41, (380) p. 1 18, (516) p. 293) they are simple (fig. 284 A, tr). 

Those of Laurencia ((389) p. 127) and Chondria ((192) p. 202, (387) 
p.85, 97) p. 15, (517) p. 197)? consist of only three segments, the second 

| (fertile) one being larger than the others (fig. 285 B, C). Developing 
|| Pocarps are found on trichoblasts still enclosed within the apical de- 
Pression (p. 554) and fertilisation ensues before they have emerged 
from the latter. Laurencia is exceptional in producing only four peri- 
ade on the fertile segment. The urn-shaped cystocarps (fig. 285 A) 
SN pele (cf. also (s0) p. 257). Ricardia ((s4) p. 78, (387) p. 99, 
af ths p) es only in its embedded cystocarps. A similar reduction 
va ae trichoblasts is met with in diverse other specialised , 
melaceae (e.g. Amansia and Vidalia). 


! Phillipe NS 
pel e description of the development of the envelope was corrected by | 


(sa) Ne (192) p. 106) and Connolly ((141) p. 135), as well as by himself 


bai p, A Yamanouchi ((756) p. 420), as well as Schussnig and Jahoda | 
“count, 36, for Brongniartella), however, erroneously follow the older | 

The . 
tren RE of Schussnig and Jahoda ((60s) p. 227) is erroncous in diverse | 

* The RR p: 80, (547) p. 26). | 
Chondria (ice €scriptions relating to Laurencia ((192) p. 245, (517) P- 199) and 

P: 126, (692) p. 91) are not correct in all respects. 
Paii 


F i 46 


1 
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Not all Rhodomelaceae, however, produce their 


trichoblasts. In Odonthalia ((:92) p. 606, (397) p. 9 
cylindrical adventitious branches, arising from 


Procarps on der: 
€ 
) they are borne 


the Margins of t 


ile segment is again 

ds (fig. 284 E). The fertile segm T PAS 

ones produces five pericentrals in the usual sequence ae ae 
D 1 is 

With 


probably justifiable to regard these branches as homologous 


Fig. 284. A-D, Rhodomela virgata Kjellm.; A, young procarp; I, 2; a cu 
basal segments of the trichoblast; B-D, developing procarp, as seen i a 
high, (C) at a low, and (D) at a median focus; the numerals indicate the p 
cessive pericentrals of each segment. E, Odonthalia dentata (L.) Lyng d Eh 
of thallus with mature cystocarps (f). F, Bostrychia scorpioides (Gme us 
two procarps in a longitudinal section. a, c, axial cells; cb, carpogonial br eh 
cp, carpogonium; p, pericentral; sT, s2, sc, sterile cells; su, SUPPE. 

t, trichogyne; tr, trichoblast. (E, F after Falkenberg; the rest ? 

air-like character: 


trichoblasts, although they do not show the usual h sche 


The same interpretation should possibly be extended Ze 284 F)0 
fertile shoots of Pterosiphonia ((192) p. 262). The procarps i Sr of the 
Bostrychia ((192) p. 519) develop on several successive en em 
younger branches, although only one matures; the apex 0 terminal. 
is pushed aside by the cystocarp so that the latter appears, nd con- 

In Cliftonaea and Leveillea the procarps are borne or So from t 
sisting only of 3-4 segments ((192) pp. 378» 398) and aris! 
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ent of a dwarf shoot (fig. 285 E, fb); in the former the upper 
his shoot produces branched trichoblasts, According to 
erg the fertile laterals arise endogenously and are not of the 
f trichoblasts, a matter meriting further enquiry. 
na certain genera (Rhodomela, Laurencia, Chondria) the envelope of 
E cystocarp is composed of more than two layers owing to 
E division of the pericentrals. „Bostrychia is exceptional in that 
envelope develops only after fertilisation. 
the 


— 2 


e o 


ed e o o 


Fig. 285. A, Chondria tenuissima (Good. & Wood.) C. Ag., branch bearing 


vo cystocarps (f). B, CC dasyphylla (Woodw.) C. Ag., two procarps. D, E, 
La Leveillea jungermannioides (Mart. & Her.) Harv.; D, shoot of limited growth, 
c- with almost ripe cystocarp; E, the same, with young fertile branches (fb). 
ft a, axial cell; ca, carposporangia; cb, carpogonial branch; e, cystocarp-wall; 
t, Be sc, sterile cells; su, supporting cell; t, trichogyne; tr, tricho- 
ii . (A after Taylor; B, C after Kylin; D, E after Falkenberg.) 

d) Ee majority of Rhodomelaceae are dioecious ((347) p. 244), 
5 à A. sometimes smaller than the females (Brongniartella ((60s) 
ed ls m Janczewskia male and female plants have a different habit. 
a ma al sori are again commonly borne on the branches of 


A Dank e although in several of the more specialised genera 
Of the 4 SE H erpostphonia, Placophora, Amansia) the sterile part 
263 Sen 1s greatly reduced. In Polysiphonia ((84) p. 343, (85) 
male trich ei 208, (380) p. 121, (ss8) P- 409 et seq., (692) p. 85, (710)) the 
oblasts (fig. 286 B) commonly consist of a two-celled stalk 


45-2 
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(st) surmounted by the fertile region (f); the upper stalk- 


quently bears a branch (1), the upper part of which ma cell fre. 


fertile. The fertile regions (fig. 286 À, f) become oeh ZEN bo 
S and 


(690) 
bran 
first 
enlar 
fig. 2 
(p) W 


form 


Fig. 286. A-F, Antheridial development in Polysiphonia; D and E, P. violacea (iv) i 
Grev.; the others P. nigrescens (Huds.) Grev. A, early development fnt 

trichoblast; B, group of male trichoblasts, with mature antheridia; Gen As 
with developing antheridia in transverse and’ F, part of same in longitudina the I 
section; D, dehisced antheridia; E, development of antheridia, seen from Proc: 
the surface, the numerals indicating the succession. G, Rhodomela E Dasy 
(Woodw.) Ag., male branches. a, antheridium; ax, axial cell; f, fertile GEN H 7 
of trichoblast; m, antheridial mother-cell; p, pericentral; st, sterile basal Soe a 
of antheridial branch; z, sterile branch of trichoblast. (D; E after Gru SH 
rest after Iiylin.) "io 


. d 
the pericentrals divide copiously (fig. 286 C, F) to form a en miter 
layer of mother-cells (m), each of which gives rise to 273 ant and à 
(occasionally 4-5, fig. 286 E). Brongniartella (rel P. 239 ; 


Ricardia ((s4) p. 78, (387) p: Ior) are similar. and; 
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In Lau 


the fertile tips of male plants become swollen, since the apical 
I 
T ceases to h $ 
ce ed (fig. 287 A). The resulting cup- or urn-shaped cavities 


den ; 5 ; : 
prn numerous fertile trichoblasts (z), which are interspersed with 
con 


ile on indi 
ster ^ ichoblasts form a continuous layer of mother-cells (m), as in 


p.532) and Bryothamnion ((192) p. 175), as well as in Cliftonaea ((192) 
p. 380) and Leveillea (fig. 287 H, I; (192) p. 399), although in the last two 
they appear to represent modified shoots and develop rather differently. 

In Odonthalia ((87) p. 297, (192) p. 607, (397) p. 8) and Rhodomelu 
(67) p. 55, (557) p. 463) the antheridia are mostly formed on fertile 
polysiphonous laterals, simple in the former, often branched in the 
latter (fig. 286 G), although in R. subfusca they can also arise on tricho- 
blasts ((8s) p. 262, (558) p. 456). There is little reason to doubt that the 
male branches of these two genera, however different they may be from 
the normal type, are homologous with the trichoblasts. 


(iv) Dasyaceae. 


enin vegetative construction, so also in their sexual reproduction, 
ps asyaceae exhibit distinct differences from Rhodomelaceae. The 
: d are formed either on the sympodial axis (Dasya pedicellata, 
en or on a pseudolateral (Dasya arbuscula (s48) p. 5373 
meet a ne). The fertile pericentral of the procarp-bearing seg- 
ibhonia a ly the third (sometimes the fourth) and only in Hetero- 
odomela the fifth or last-formed one. The procarp develops as in 
after Le (fig. 288 A), but the cystocarp-envelope appears only 
H e E The gonimoblast shows monopodial branching 


D 


N most s 


and in pecies of Dasya (ei p. 620, (499) p. 119, (516), (547) P. 39) 


ay Opsis ((s47) p. 5 5) the procarps arise from successive seg- 
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Fig. 287. Antheridia of Rhodomelaceae. A-E, Laurencia pinnatifida (ip 
Lamour.; A, longitudinal section of apex with three antheridial EE 
B, apex of a male trichoblast; C, the same, in longitudinal and D, in tr 


e trichoblast. 
in vertical 
mannioides 


verse section, antheridial development; E, apex of young mal 
F, G, Chondria dasyphylla (Woodw.) C. Ag.; F, tip of male branch, 
section; G, the same, seen from the surface. H, I, Leveillea junger branch; 
(Mart. & Her.) Harv.; H, shoot of limited growth, with a male DAN 
I, transverse section of same. J, K, Laurencia obtusa (Huds.) lopment 
J, small part of a male trichoblast; K, sequence of antheridial aex: Er 
(2-8). a, antheridium; ax, axial cell; m, antheridial mother-ce J dies) 
central; sa, secondary antheridium; st, sterile borders of antheridin alkenbers; 
1, trichoblasts; v, vesicular cells. (A-E after Kylin; F Matter i 
J, K after Grubb.) 
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thes mpodial axes or more usually (D. pedicellata, Dasygpsis 


ments ` f adventitious branches (fig. 288 A); as a general rule only 
pi tocar p matures on each branch. One (or possibly two) small 
one © 


et 


Ei d S 
SE pas pedicellata Ag. A, apex of a branch-system, with young pro- 


of GRECO ERR of auxiliary and connecting cells; C, early development 

% auxiliary a cystocarp-wall; D, young cystocarp in transverse section. 

to, connecting © e axial cell; ca, carposporangia; cb, carpogonial branch; 

1,52, sc, Manic vu Carpogonium; g, gonimoblast; gi, gonimoblast-initial; 

1,2 (in A) < cells; su, supporting cell; t, trichogyne; w, wall of cystocarp; 
; Pericentrals. (B after Oltmanns; the rest after Rosenberg.) 


(fig. 288 B, co) are cut off from the fertilised carpo- 
and fuse with the auxiliary cell (a). The gonimoblast- 
288 C, 81) first forms a row of large cells (g), which cut off 
© giving rise to branched threads (fig. 288 D, g) that fill 
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712 CERAMIALES 
the cavity of the cystocarp; the carposporangia (ca) form a 
arising in basipetal sequence. According to Rosenberg ( ort r 
fusion-cell is formed (cf. however (192) p. 621). The ¢ 
214 A, cy) are provided with a pore. The envelope, w 
from the two pericentrals flanking the fertile one, a 
pericentrals of adjacent segments, is formed in th 
in Polysiphonia and is two-layered (three-layered i 
maturity. 

The procarps of Heterosiphonia plumosa? ((326) p. 1295 0 
(517) p. 187, (547) P- 65) usually arise from the fourth sepe cies 
pseudolateral and possess very elongate trichogynes; the SL Ge 
here undergo considerable division before fertilisation. The EE s 
develops already during the formation of the carpogonial branch aM 
three-layered at maturity. The cystocarps of Dictyurus are unk is 
regarding those of Thuretia, see (192) p. 672. 

The antheridia ((s) p. 78, (85) p. 263, (547) Pp. 48, 73, (548) p. 540, (ss) 

p. 403) are produced on the pseudolaterals, although in Dasya pedicellata | 
they may also arise on adventitious branches. The development of the 
sori takes place as in Polysiphonia. 


nown; 


(b) The Asexual Phase 


The four families differ markedly in the mode of production of the 
tetrasporangia, and it is again the Ceramiaceae that exhibit relatively 
primitive features. 


(i) Ceramiaceae.. 


The tetrasporangia of most Ceramiaceae stand quite freely, though 
occupying diverse positions. In Antithamnion and related genera they 
commonly occur in series on the upper sides of the laterals (figs. 185 
A; 289 B, 1), being either sessile or situated at the ends of one- or 
two-celled branchlets ((558) p. 315 et seq., (692) p. 71, (733) p. 133, (739) 
p. 198). Sometimes, however, they are clustered together on short 
branches, as in A. cruciatum (fig. 289 A), Spermothamnion and 


Compsothamnion ((737) p. 359). In Crouania ((so) p. 232) they are Fig. 28 

borne on the basal cells of the whorled laterals, while in Ptilota thamnioy 

plumosa (G8e) p. 59, (ss) p. 357) the sporangia for the most part Uo 

4 occupy short threads arising from the cortex of the ultimate branch crate 
The sporangia of Griffithsia ((s°) p. 205, (375) p- 116, (48) pe A rangial c 

(751) p. 507) are produced on special laterals (fig. 289 D, f) which for ‘porangi 

whorls at the apices of the segments. Each fertile lateral (fig. 289 A illata Ç 

d protecte threads, 


consists of a single cell (s), bearing several sporangia (t) an 
by outgrowths (e), arising from the same cell or from the p 
segment. Similar protective branches are seen in Dog ne 
| P: 121, (86) p. 7, (766) p. 379), where the sporangia are termina oñ De 
celled accessory branchlets (fig. 289 I, J) arising from the Di 
* Cf. also (21) p. 52 regarding H. Berkleyi (Dasya Berkleyi (Mont) J. Ag: 


arent- Jr: 
i (60) Borne 
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ets Tetraspore-formation in Ceramiaceae and Dasyaceac. A, Anti- 
e € E (Ag.) Naeg. B, Callithamnion corymbosum (Engl. Bot.) 
S E intricata (J. Ag.) Batt. D, Griffithsia globifera (Harv.) J. 
feast F H tetraspore-bearing plant. E, G. pacifica Kyl., single fertile 
rangial devel » Dasya pedicellata Ag.; F, stichidium; H, details of spo- 
sporangia: eee G, Vickersia baccata (J. Ag.) Karsak., branch producing 
sillata © A elow, the basal cell with a sporangial sorus. I, J, Wrangelia peni- 
threads. Seile branches. a, axial cell; co, cover-cells; e, enveloping 

ral: ah € threads; h, hairs; m, mother-cell of sporangium; pl, pseudo- 
: Bomet: C -cell; t, tetrasporangium. (A, F after Taylor; B after Thuret 
Botrgesen . after Rosenvinge: D after Lewis; E, I, J after Kylin; G after 

n; H after Rosenberg.) 
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horled laterals. In Vickersia ((s4) p. 24) t 
of the u cells cut off at the base of the eur lac SPorangia form 
ES Ceramium, on the other hand, the sporangia are E 289G); 
of the cortical bands (fig. 1 87 B, 2), within which they are M. Cells 
bedded. Those of Spyridia occur on the “filaments” (REN Yen. 
A peculiar method of development, in some respects recallin th t 
of Rhodomelaceae, 15 met with in Trailiella ((30) P. 10, (ss) 5 RS 
where the sporangia are formed from the larger halves of i ) 
tudinally divided cells of the erect filaments (fig. 289 C). gi- 
The spores are for the most part tetrahedrally arranged (Be 
B, E), although those of Crouania, Antithamnion (fig. 289 i d 
Tyailiella (fig. 289 C) are cruciate. Antithamnionella (4437), (462) P. 378 
(712) p. 5) differs essentially from Antithamnion only in Possessing 
tetrahedral spores. There is, however, some variability in this respect 
(706); thus, in Ceramium ((ss8) p. 373) and Seirospora ((590) p. Nm 
cruciate and tetrahedral sporangia are sometimes found on the same 
plant, although in both cleavage only takes place after nuclear division 
is completed. In Callithamnion byssoides Boergesen (46) p. 13, Go) 
p. 219) also records occasional cruciate tetrasporangia. The sporangia 
of Callithamnion dehisce by the detachment of a lid (fig. 294 K). 


Ee 
Bispores are recorded in diverse Ceramiaceae ((478) p. 384, (1) | 


* 
a 


p. 199) and are specially frequent in Crouania attenuata and Calli- 
thamnion Furcellarieae ((ss8) pp. 341, 350); in the latter they occur on 
plants lacking tetrasporangia (fig. 294 L).^ In C. bisporum Gardner 
(237) they are the only reproductive organs known. 


(ii) Delesseriaceae. 


The sporangia of Delesseriaceae, in which the spores are always 
tetrahedrally arranged (fig. 290 D, L), generally show a distribution 
comparable to that of the sex organs. In Delesseria sanguinea N | 
p. 105, (665) p. 272) they are formed in minute leaflets, ue d 
devoid of a midrib and soon become three-layered almost s Ge 
Subsequently the surface-cells divide to form short yee oy d 
systems (fig. 290 D, c), from the terminal cells of p SE N 
(t) develop. Though primarily superficial, as in ail De S S 
initials (t) gradually become covered by small cells (co), pr nn m 
further division of the surrounding elements. The en He eae ne 
the sporangia causes gaps to be formed between these cells, all 


à Lt 
which the spores are shed. cu tang 
course in other Delesserie EE 

Development follows much the same a ln Mem- e 
(fig. 290 F), although the position of the sporang! nger forks O1 in frag 
branoptera ((380) p. 112) they are situated in the yo Il scattered out- M Ae 
small proliferations, in Grinnellia ((382) p. 23) in s wi or i 
f other § ` a CO 

1 A further consideration of these bispores, 8$ well on o 728 el Sea: Spor 


P S : nd 
asexual reproductive cells of Ceramiaceae, will be fou 
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on C2 ay; » 
SES t © 


Yer 

ys 

ion 

j8o) 

Are 

ut, 

ch- 

gia 

the 

by | 

of Fg, 290. Tetraspore-formation in Delesseriaceae. A-C, K, L, Phycodrys 

gh fie ce Batt. ; A, B, parts of two fertile fronds; C, vertical section of 
Re Sporangial rudiments; K, young sporangia in surface-view ; 
es ve section of fertile zone, with ripe sporangia. D, Delesseria 

eae Sc amour., part of vertical section of thallus, with ripe sporangia: 

gmi- SG ei Woodwardii ‚Kütz., part of a fertile blade. F, Grinnellia 

in fragilis WESS Ag.) Harv., vertical section of young fertile frond. G, Martensia 

ute Y two young sporangia in surface-view. H-J, Nitophyllum 


punct m 5 s 
idest asd ee) Grev., vertical sections of fertile fronds; H, with multi- 


5, Cortex: with one mature initial; I, ripe sporangia. a, axial cell 
orangitim, » Cover-cells; f, fertile zone; mr, midrib; st, sterile zone; t, tetra- 
: (D, G after Svedelius; the rest after Kylin.) 
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rowths (fig. 190 À, t), commonly confined to one 

Hypoglossum (fig. 290 E; (382) p. 9), Caloglossa ((146) Se While in 
and Apoglossum ((380) p. 91) they occupy elongate areas on oli ®) 
of the midrib of the ordinary fronds. In Caloglossa they dev Güter o 
division of certain cells in parts of the frond that are stil] E Flop by the 
so that the sporangia form but a single layer, instead of two ostromatic 
Delesserieae (cf. fig. 290 F); they are subsequently covers ph In Other 
formed by pericentrals cut off tangentially from the paren Cortex 
sporangia of Claudea and Vanvoorstia (508) are formed from pence The 
(in Claudea also from the cortical threads) in the ultimate blades Sal 
they undergo anastomosis. , before 


The sporangia of Phycodrys rubens ((380) p. 65) are USUS IDE 
small marginal proliferations (fig. 290 B, f), but they ac in 
occupy oblong areas at the ends of the veins of the younger us 
(fig. 290 À, f). The fertile tracts (fig. 290 C) soon become RA 
The sporangial initials (7) are, as in all Nitophylleae, cut off from 
internal cells, in Phycodrys from the hypodermal ones. This is also so 
in Acrosorium ((09) p. 20), Polyneura ((382) pp. 37, 43), and Crypto- 
pleura ((a82) p. 88) where, however, sporangia may also arise from the 
central cells. 


The sporangial sori of Polyneura, Cryptopleura, and Nitophyllum are 
small and irregularly scattered. In N. punctatum ((382) p. 74, (669) p. 49) 
the sporangia may occupy the whole thickness of the frond (fig. 290 H, 
t), although sometimes embedded (fig. 290 J). Their formation is 
initiated by intercalary division of groups of cells in the one-layered 
thallus; some of the resulting elements develop into sporangia (fig. 290 
H, t), while,the remainder (st) cut off pericentrals, from which further 
sporangia may arise (fig. 290 J, t). The sporangia of Nitophyllum thus 
show pit-connections with several surrounding cells, whereas in other 
Delesseriaceae they are only connected with their mother-cel! (fig. 290 
C, D). Those of Martensia ((663) p. 46) occur within swollen areas on 
the longitudinal lamellae (fig. 290 G), more rarely on the entire portion 
of the thallus. Both here and in Nitophyllum punctatum (figs. 290 H; 
293 A) the initials are multinucleate but, although several nuclei may 
show the first stages of meiosis, only one survives (figs. 299 J; 293 B) 
to form the tetraspore-nuclei. 


(iii) Rhodomelaceae. 


The sporangia of Rhodomelaceae nearly always possess tetra: 


hedrally arranged spores (fig. 291 D, G, L) and are usually immerse 
in polysiphonous branches. [hey are only rarely borne on m 
blasts, as in Zophocladia (fig. 291 L) and Wrightiella (fig. 299 
The fertile branches are often specially differentiated, conte f 
so-called stichidia, although the term cannot be exactly defined CO 
p: 86). The initials are usually (except Laurencia) formed E is 
central cells (fig. 198 G, te) and, as a general rule, one a 
produced in each segment (fig. 291 D, L); development ofer 
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nch. If the latter 
ents are generally 
S) are present, the 
he laterals. 

pericentrals, what- 
he fertile pericentral, 
(547) p. 32, (540) P. 10, 


3 basipetal sequence within the fertile bra 
a167 nched, the sporangia of successive segm 
mu SC when laterals (commonly trichoblast: 
guperPos Bow a spiral arrangement like that of t 

angia ents of the stichidia often possess five 
à the number in the vegetative branches. T 
dum seemingly never the first-formed one! ( 
d 


n. cf. however (192) p. 88, (60s) p. 240), cuts off two superficial 
; lis (fig. 291 À, B, I, co), after which the Sporangial initial (7) 
` aroduced on the apical side; the small bearing cell (m) is linked by 
is pr pit-connections with the axial (a) and covering cells (co) (cf. 
E 198 G and (380) p. 123, (399) p. 4). The similarity in Position 
- porangium and bearing cell on the one hand, and of auxiliary and 
ol Bor mother-cells on the other hand, is noteworthy ((192) D 99); 
de cover-cells correspond to the sterile cells and carpogonial branch 
kr procarp. The mature spores escape between the cover-cells which 
ye more or less displaced. In l'alkenbergia ((192) p. 691, (495)) the ` 
sporangia arise from an entire pericentral and there are no cover-cells. 


In Polysiphonia (fig. 291 D) the sporangia often cause irregular 
swellings within the stichidia (cf. also fig. 291 L). The fertile branches 
of Rhodomela ((371) P. 59, (58) p. 457) and Odonthalia ((397) p. 8) arise 
in tufts on the flanks, in the former also on the tips of the larger 
branches. The sporangia (fig. 291 G, I) originate from the two lateral 
of the six pericentrals (fig. 291 C, t) so that they form two longitudinal 
rows. Bostrychia ((50) p. 301, (192) pp. 88, 504) produces its sporangia 
inthe ultimate branches (fig. 291 H), in which all the pericentrals of a 
segment commonly become fertile, although in certain species those on 
the dorsal side remain sterile. Similar dorsiventral stichidia occur in 
Colacopsis (fig. 299 F, G). 

The sporangia of Chondria ((387) p. 89) develop within the apical de- 
pression of club-shaped branchlets, the initial here producing three 
cover-cells, Those of Laurencia ((192) p. 244, (380) p. 130, (387) P. 94) 
likewise originate within the apical pit, but are exceptional in being 
produced from young cortical cells; this is also so in Ricardia (6+) p. 78, 
05) p. 101). In Acanthophora the sporangia occupy the spiny laterals. 
e of the more specialised Rhodomelaceae (e.g. Herposiphonia, 
Pille K) possess stichidia resembling those of Polysiphonia. In 
hou ec) P. 294) these free polysiphonous, and often branched, 
aber ie Occupy the growing margin (P. crispata) or arise on the 
nom he flat thallus (P. pedicellata, fig. 207 G, f). Placophora ((192) 
instances à pi 4) shows much the same (fig. 208 A, r; F). In other 
ton, Thu, 9wever, the fertile shoots show a more profound modifica- 

US, in Cliftonaea (G92) p. 381) each segment of a fertile long shoot 
1 
ac ding to Rosenberg 
Lu acea : Brongniartella 
P "sip , Harvey-Gibso 
IS Incorrect, 


(547) it is generally the second in Polysiphonia 
byssoides, the third in Polysiphonia Brodiaei and 
n’s (280) account of sporangium-formation in 
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Fig. 291. Tetraspore-formation in Rhodomelaceae. A, en, e ut 
nigrescens (Huds.) Grev.; A, formation of initial, TOUT (L.) Lyngb? in SE 
same, apex of a branch-system. C, 1,- Odonthalia denta i section, forma ` wl 
C, transverse section of young fertile segment; I, (pe An cent 9 dh M, 4 idia 
tion of initials. D, Polysiphonia violacea (Roth) Grev., Ste 


à cell: 
rtile » C0, 

r à mature fe lite 
Cliftonaea Lamourouxii Harv.; E, surface-view Gt etse a Leveillea junger“ p 
frond; J, mature and M, young sporangium in section. “> E 


Se n 
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A, D produces a sporangium (t) from one of the dorsal peri- 
is. Ín C. Lamourouxii ((192) p. 385) the maturing sporangium 
es a thick hyaline wall (fig. 291 M, J), while the numerous cover- 
mately grow out into blunt papillae, affording a characteristic 
Le (fig. 291 E). Similar large sporangia with numerous cover-cells 
Den Leveillea ((6e) p. 355, (192) p. 398), where they occupy 3-5 of 
e al segments Of arrested long shoots (fig. 291 F). The fertile 
s of Amansia and Vidalia (&92) p. 404) show the same dorsi- 
s the vegetative ones and in the latter are often richly 
branched ; two sporangia are produced in each segment. 
(iv) Dasyacea’- n | 
The tetrahedrally divided sporangia here also usually occupy special 
«ichidia (fig. 289 F). Those of Dasya (rei p. 617, (547) P- 49) and 
Heterosiphonia ((192) pp. 633, 649, (547) p. 74) are borne on the pseudo- 
laterals (fig. 289 F, pl), in the former, sometimes also on adventitious 
branches ; the number of pericentrals is five in Dasya, 6-7 in Hetero- 
siphonia. Each pericentral may produce a sporangium (cf. also (so) 
p: 317) although one or two are commonly sterile. In Dasya (fig. 289 
H)thethree cover-cells (co), cut off after the formation of the sporangium, 
are small and the latter is left exposed. The stichidia of Dasyopsis 
((s47) p» 60) are mostly formed on adventitious branches and Possess six 
pericentrals. BER 
The repeatedly forked stichidia of Dictyurus ((192) p. 680) project 
freely from the upper edges of the fronds and usually form six sporangia 
ineach segment. In Thuretia ((92) p. 672) they are constituted by the 
swollen bases of lateral sympodia, the upper part of which participates 
in the formation of the network; the stichidium is enveloped by hyphae 
and forms sporangia in two alternating rows. 


(c) Interrelationships of Ceramiales 


The Ceramiales probably represent an independent series evolved 
fom uniaxial haplobiontic types; there is no satisfactory evidence of 
aclser affinity with other diplobiontic forms. The Ceramiaceae are 
no doubt the least specialised members of the order, as shown by a 
‘onsideration both of the vegetative and reproductive features. Those 
genera that exhibit whorled branching (Crowania, Antithamnion) 
BE Come nearest to the ancestral type, not only because this 
abıt is clearly the basic one on which the construction of many 
= 


——— 


Mannioides 
‘Porangia, re x 


Her.) Harv., shoot of unlimited growth with young 
ature s , N, Rhodomela virgata Kjellm.; G, longitudinal section, with 
longitudinal eia; N, undivided sporangium. H, Bostrychia Hookeri Harv., 


 Michidia. Section with initials. K, Herposiphonia secunda (C. Ag.) Falkenb., 


erg Lophocladia trichoclados (Mert.) C. Ag., stichidium. a, axial 
Lien el; I, laterals; m, mother-cell of sporangium; p, pericentral; 
Jegen, Blum; tr, trichoblast. (A, B, G, I, N after Kylin; D, L after 


n; the rest after Falkenberg.) 
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Florideae (incl. Ceramiales) is moulded, but also becau 

parative data furnished by the position of the SES 68 
> Med) 


Diverse Ceramiaceae (Callithamnion, Seirospora, etc.) ha 
habit and indeed exhibit a very si 


ve, how- 


; t this 
ever, los mple Vegetative 


structure. 5 E 
Delesseriaceae and Rhodomelaceae, in their customar 


of four or more pericentrals, no doubt constitute a spe 
ment along several distinct lines from such a whorled type. T 
Rhodomelaceae, in particular, exhibit marked spectre ae 
evolution of forms with dorsiventral organisation, accomp rA 
tendency towards congenital fusion of branch-systems, resultin i 
such extreme types as Pollexfenia, Leveillea, and Amansia. Com : i 
with the considerable range in outward form presented by E ted 
families under discussion, there is remarkable uniformity in re 1 
ductive features. It is noteworthy that, while in Dee 
Rhodomelaceae the spores are nearly always tetrahedrally arranged 
a cruciate disposition is found in certain Ceramiaceae, and especially 
in those (Crouania, Antithamnion) which on other grounds are re- 
garded as the least specialised. 

The relation of the Dasyaceae to the other three families is difficult 
to assess. Falkenberg’s view, that forms like them were the starting- 
point for the evolution of the Rhodomelaceae, has already been con- 
sidered (p. 576). The only further feature in favour of this view 
furnished by the reproductive characters is that the gonimoblast in 
Dasyaceae develops in a more primitive manner than in Rhodo- 
melaceae (p. 709). Rosenberg ((s47) p. 82) and Kylin ((397) p. 20) 
emphasise the resemblances between Dasyaceae and Delesseriaceae, 
but in view of the marked dissimilarity in vegetative features, it may 
be doubted whether too much stress should be laid on the repro- 
ductive resemblances, since in this respect there is a high degree of 
uniformity among Ceramiales as a whole. The Dasyaceae are probably 
best regarded as a separate evolutionary line, parallel with the other 
three, but rather more obscure in its origins. 

Several genera are known which display characteristic 
than one family of Ceramiales. Lejolisia mediterranea Born. ((64), (67) 
p. 148, (478) p. 354, (577) p. 135, (590) p. 116), a small epiphyte (fg- 
292 C) in which the creeping filaments (c) bear little-branched erect 
threads (e), combines the free (tetrahedral) sporangia of Ceramiaceae 
with an urceolate cystocarp resembling that of Rhodomelaceae. i 
envelope consists of closely apposed threads, although these do iie 
actually cohere. . According to Feldmann (69) the gonimoblast is : 
that of Ptilothamnion. A peculiar feature lies in the persistence 0 EA 
trichogyne (f) which, during the development of the cystocarp, E 
to occupy a lateral position. 7, (sedi 

A rather different example is provided by Herpochondria (0 
P: 215, (599) p. 435), a dorsiventral ally of Chondria, in W 


y Possession 
cial develop. 


s of more 
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us branches are congenitally fused to form a flat prostrate 


‘ohono : 
së Pollexfenia, etc.) The free marginal stichidia resemble 
geht, a Chondria, and in most other respects too the characteristics 


those 0 
aet 


ofa member of Rhodomelaceae. The cystocarps ((490) p. 6,1 


se : 
ho 8) are, however, naked like those of most Ceramiaceae. 


p. 33 


Fig. 292. A, B, Taenioma perpusillum J. Ag.; A, habit of part of a plant; 

Bap ex of an erect shoot with hairs. C, Lejolisia mediterranea Born. D, Platy- 

Dome miniata (Ag.) Boerges., branch with cystocarp. a (in B), axial cells; 

ae C) antheridia ; c, creeping branches; ca, carposporangia; cy, cystocarp; 

CG ect branches; A, hairs; m, meristem; f, pericentral ; 7, rhizoid; t, tricho- 
e. .(C after Bornet; the rest after Boergesen.) 


en may also be made of the Sarcomenieae which appear to 
incl ute a link between Delesseriaceae and Rhodomelaceae. They 


"elude Sarcomenia ((o) p.120), Platysiphonia ((ss), based on Sarcomenia 


R: 
e, edo ve Ci (720), Taenioma (@) p. 1256, (se) p. 338, (68) p. 69, 


ew. 

there Kamura Suggests the merging of Herpochondria in Mi icrocladia, for which 
Aime pla No grounds; it remains doubtful whether he and Falkenberg had the 
nt before them ((192) p. 735). 
Faij T 
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(192) p. 709, (689), (781) p. 534) and Cottoniella) ((5o) 


(s4) p. 144), the last at present known only in the Venere i SCH 477, a 
These are in general dorsiventral forms with four Pericentra] tion. spre 
duced in successive pairs, as In Delesseriaceae. The terete S S pro- E 
branches (fig. 292 À, c) bear, on their dorsal side, erect ron in "m 
tendency to flattening as a result of division of the lateral perit a m 
(cf. fig. 292 B); this is very marked in Sarcomenia dlesen aoe Ga f 
Sonder (€77 pl. 121). The flat antheridial branches also Mio n 
those of Delesseriaceae. 'The urceolate cystocarps of Tan ENS "Th 
Platysiphonia (fig. 292 D) are, on the other hand, like those of Rhodo. ah 
melaceae, although no details are available as to the manner of SC ds 
velopment of the gonimoblast. The sporangia are formed in an E Get 
in the fertile branches. Taenioma (fig. 292 À, B) is distinguished " Gs 
the long colourless hairs (4) with a basal meristem (m), that crown the devel 
branchlets and show a considerable resemblance to those of Phaeo- i Jiminé 
phyceae. In Cottoniella the ultimate branches are uniseriate. These The s 
diverse genera, which in their vegetative construction approximate so spora! 
closely to some of the dorsiventral Rhodomelaceae, merit a fuller has th 
study than they have so far received. LEE 
Polysi 
8. GENERAL CONSIDERATION OF THE LIFE-CYCLE OF the m 
THE DiPLOBIONTIC FLORIDEAE furrov 
The Distribution of Sexual and Asexual Reproductive Organs E 
Cytological corroboration of the existence of distinct diploid asexual vinge 
and haploid sexual phases has now been obtained in a considerable with r 
number of diplobiontic Florideae.? In Cryptonemiales, Gigartinales, sporar 
and Rhodymeniales there is usually, despite occasional exceptions probal 
(cf. (347) p. 223), a sharp segregation of sporangia and sex organs on no rec 
separate individuals; among Ceramiales the exceptions are more | pp. 67 
numerous (cf. p. 723). Spermatia are frequently found attached to Spe 
the trichogynes, although fusion of the sex nuclei has not often been tion (( 
seen (p. 597). A regular alternation of tetrasporic and sexual indi- plants 
viduals has, moreover, been occasionally recorded in nature (see carps : 
p. 727) and has been established experimentally by Lewis (430) for tetrasy 
a number of Florideae. All these facts imply the widespread occur- (OF 
rence of an isomorphic alternation of haploid and diploid phases: e ( 
* Incl. Sarcomenia filame: w 14) p. 571). ; gan 
2 Corallina en re ee (stages in RARE etabli 
division also observed in C. rubens, (659) p. 45); Cystoclonium (680) Bee plants 
among Gigartinales; Lomentaria clavellosa ((680) p. 23), Chylocladia d anther 
P- 572), and Rhodymenia ((735) p. 158) among Rhodymeniales (ef. also Sos 
PP: 39, 44, (735) p. 160); Callithamnion ((453), (740) p. 567), SP en Li 
(179,606), Ceramium ((740) p. 571), Griffithsia (375,428), Plumaria (189) à e Ge SC n 
(605), Phycodrys (80) p. 79), Nitophyllum (669), Martensia (663), Po Se co We 
(G80) p. 118, (755-6), Brongniartella ((6os), (740) p. 567), Rhodomela (orn, mus 
P- 568), Laurencia and Chondria ((735) p. 156, (740) p: 569), and Day p. am 


P: 39, (740) p. 570) among Ceramiales. 
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s long been known, nevertheless, that Procarps (or carpo- 
jt ha nd tetrasporangia commonly occur on the same individual 
spores) Ceramiales,! and especially among Ceramiaceae; the form 
amont pa of Callithamnion corymbosum ((692) p. 69) derives its name 
alt frequency of this phenomenon. Tetraspores have also been 
CR male plants (cf. (85) p. 263, (87) p. 298, (89) P- 188, (258) p. 201, 


fou 691), though, owing to the more temporary character of the 
(individuals, such instances have been less frequently recorded, 
ma 


The first example of this association to be fully studied was Nito- 
lant punctatum (670), in which the fronds often bear both cysto- 
sand sporangia. The latter (fig. 293 C) are grouped around rudi- 
Sien procarps (2), which suggests a possible correlation between 
sporangium-formation and arrest of the Procarps. The sporangia 
develop in the normal manner (p. 716 and fig, 293 J, K); after pre- 
liminary multiplication, all but one (n) of the nuclei degenerate (r). 
The survivor, however, fails to divide and the entire contents of the 
sporangium are liberated (fig. 293 D) as a single monospore (m); this 
has the haploid number of chromosomes, although the carpospores 
of such plants are diploid. In the sporangia found on male plants of 
Polysiphonia violacea ((156) p. 425) and Griffithsia globifera ((428) p. 672) 
the nucleus likewise usually remains undivided, although cleavage 
furrows, which fail to reach the centre, may appear within the proto- 
plast; occasional stages of nuclear division are observed, but these 
afford no evidence of meiosis. In Polysiphonia urceolata Rosen- 
vinge ((ss8) p. 410) also records small undivided sporangia on plants 
with mature cystocarps, while Kylin ((373) p. 83) speaks of aborted 
sporangia on sexual plants of Spermothamnion roseolum. It is thus 
| probable that the sporangia borne on sexual plants usually undergo 
| m reduction and produce only haploid monospores (cf. also (428) 
4 PP: 671, 682, (639) p. 6, (782) p. 25). 

_Spermothamnion affords a common instance of the converse condi- 
| tion (673) p. 86, (606) pp. 224, 250), viz. of the occurrence of asexual 
| plants bearing normal tetrasporangia side by side with arrested pro- 
‘rps and antheridia. Certain forms of this genus, however, produce 
Mrasporangia also on a functional sexual phase. Schussnig and Odle 
ee 2 226) state that there is no reduction in such sporangia, but 
a m are scarcely convincing. They are, moreover, at variance 
Bere onen reached by Drew (176), who in S. Turneri 
ds bs _the occurrence of meiosis in tetrasporangia found on 
antheridia. me developing gonimoblasts and mature fruits, as well as 

idia. The individuals in question are therefore diploid (with 60 


1 
Tn addit; s TER: ; 
E addition to the instances specially dealt with in the following, see 


5 
bel e (59) p. 189, (283) p. 130, (347) P. 224, (373) p. 83, (380) p. 55, (453) p. 5, 
Porangia E 304, 400, (577) p. 136, (736) p. 200, In diverse instances tetra- 
P: 552, (50 e actually been found arising from cells of the procarp (cf. (176) 
3) P. 278, (736) P. 200) or among the gonimoblasts ((737) p. 355): 


46-2 
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chromosomes). Their CE nM Szen normally. Evidence w 
obtained (4:76) p. 559) that the procarps of these plants were din. 
and their gonimoblasts tetraploid ;* many of the procar Iploid 
failed to develop further and fertilisation was not directly obse 
The probable existence of triploid carpospores, such as would na 
from the fertilisation of a diploid carpogonium by a haploid s esult 
tium, was also established. Haploid plants, bearing function. ta 
organs and occasional sporangia which remain undivided, have 
cently been described by Drew (782), as well as sterile triploid plant 
Mathias (453) p. 20) found tetrasporangia exhibiting reduction a S 
fruits on the same individual also in Callithamnion brachiat à 
although here the carpospores are stated to be diploid. e 

The occasional occurrence of tetrasporangia on the sexual plants 
of the haplobiontic Nemalionales (p. 625) warrants the supposition 
that this characteristic organ of Florideae evolved prior to the esta- 
blishment of the diplobiontic life-cycle. There is also increasing reason 
to believe that the mere presence of tetrasporangia is no proof of the 
diploid character of the individual on which they occur. It seems 
probable that, when an isomorphic alternation was first established 
by postponement of meiosis (cf. p. 627), each of the two phases still 
bore tetrasporangia, although reduction was associated only with the 
sporangia of the one phase; it is possible that this phase for a time 
still possessed: functional or functionless sex organs. The persistence 
of abortive sex organs on the diploid, and of monospore-producing 
sporangia on the haploid, phase would on this view be tokens of an 
ancestral condition and would mark a more primitive state than the 
sharp individualisation of the two phases that characterises many 
diplobiontic Florideae. It is noteworthy in this connection that the 
simultaneous presence of sex organs and sporangia is more frequent 
in the relatively primitive Ceramiaceae (p. 723) than in the more 
specialised families of Ceramiales (cf. also (772 p. 5 52). 

In the light of this hypothesis Spermothamnion may perhaps be 
regarded as a form in which sex organs have persisted on the diploid 
stage and in certain instances remained functional (cf. also (176) p- 567) 
although they may also have secondarily reacquired their former 
function. However that may be, the possibility for the origin 0 
tetraploid and triploid races afforded by such phenomena is of con- 
siderable importance, and the further investigation of these matters 
will be awaited with interest. 


sex 
re- 


Thuretella, Thuretellopsts, 
far unknown. 

221) which 
bear tetra- 
rtunity of 
derable 


In several Florideae (Acrosymphytum, 
_Halarachnion, Gigartina stellata) tetrasporangia are so 
is possible that they are produced on dwarf plants ((347) P- 
remain at the juvenile stage, since such stages occasionally 
1 Cf. the criticisms of Svedelius ((680) p. 6). I have had an oppo i 
examining some of Drew's preparations and believe that there is a cons 
degree of foundation for her views. 
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(363) P. 196). Berthold 
arf fertile plants in the 


fig. 159 D, sp; Kuckuck’s prospory, 
: D comments on the abundance of dw 
P. enean (cf. also (226) p. 402). 

the other hand, some of these seaweeds may be parthenogenetic 

2 gonimoblast producing haploid carpospores, although Ode 

with eds ermatia on the trichogynes of Acrosymphytum (fig P o C. 

obs M d there is little evidence for the occurrence of Dart 

C hodophyceae.' A commonly accepted instance is furnished by d 
A 657), where male organs are unknown (363) p. 191) and 


isst 1 
Ess the development of gonimoblasts from carpogonia of Fi 
r 


qsligiata and Petrocelis Hennedyi lacking all traces of Spermatia on the 
wichogynes- These may be instances of actual parthenogenesis, or 


Tetrasporic and sexual individuals of the same species are often 
unequally represented in nature. Among Cryptonemiales and 
Gigartinales there are several records indicating a preponderance of 
sexual individuals ((387) p. 35, (526) p. 254, (532) p. 68, (558) PP. 174, 281, 
(s) p. 30); tetrasporic plants of Gloeosiphonia capillaris occur on the 
coasts of Holland ((253) p. 51), but not on those of France or Denmark 
leg p. 278). Among Ceramiales the available data? indicate the 
reverse condition, sexual individuals often being scarce. There is 
some evidence that this depends on temperature-conditions and 
probably also on other factors of the habitat (243); thus, Levring ((426) 
P. 142) reports only tetrasporic plants of Callithamnion Furcellarieae, 
Polysiphonia nigrescens, and Rhodomela subfusca in the waters of the 
Baltic with their low salinity. Cn British shores Spermothamnion 
Toseolum is represented only by tetrasporic individuals. Many in- 
Yétigators comment on the more robust character of the asexual 
individuals in. Ceramiales (cf. also (s78) p. 50). i 

In Trailiella, Antithamnionella, Lomentaria rosea, and Dasya 
D Harv. only tetraspores have so far been found® (cf. also b 
Mie, P. 655). Svedelius (680) has established that in 4 
N; rosea, a northern species always found in water of con- 
ec X in the tetraspores have the same number of chromo- 
cm ‚the vegetative cells. Comparison with other species of 

aria, having a normal life-cycle, shows that the plants of 


1 Thi " 
di unfoundesnogenesis in Ptilota suggested by Davis ((163) p. 375) is prob- 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


DIPLOBIONTIC FLORIDEAE 


ive 


Grev.; A, B, success 
m a diploid plant, In 


ucleus (7); *^ . 
K, successive 


pedicellata (Smith) 


Fig. 293. A-D, J, K, Nitophyllum punctatum (Stackh.) 
stages in development of normal tetrasporangium fro: 
showing supernumerary nuclei (r) and the functional n 
monospore-formation and liberation on the haploid plant; J, 
stages in development of monosporangium. E, Monospora 


D) 
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are diploid, so that in this s 


E. Pecies the sexual phase has 
ihe ably? been lost. In Dasya ocellata also Westbrook es P- 571) 
ES to obtain good evidence of the occurrence of meiosis in the 
ketrasporangIum- 


e certain Florideae (especially Ceramiales 
T the sexual individuals tend to be largel 
wa 2 


y summer-forms, while 
Be asexual ones that last through the winter. Such instances are 


jthout interest in relation to the problem of the origin of pur 
I id types. Lewis s Bt at Woods Hole Dose a 
Griffithsia globifera, and Polysip tonia violacea form carpospores in 
ugust and that the resulting tetrasporic plants pass through the winter 
ss small germlings, which mature their tetraspores in July; many of the 
Red Algae in this region are believed to show a similar seasonal cycle. 
Comparable data are furnished by Kniep ((347) p. 220) for Laurencia 
hybrida and by Svedelius (676) for Ceramium corticatulum in the Baltic 
(cf. also (184), (558) p. 433). Similarly, there is a preponderance of tetra- 
| sporic plants of C. rubrum in winter and of cystocarpic ones in summer 
inthe Isle of Man ((348) p. 117). In other localities, however, the same 
species may show a different behaviour (cf. e.g. (431) p. 34 for C. 
rubrum; (635) for C. corticatulum). 

These are by no means the only data indicating a certain seasonal 
succession (cf. e.g. (226) pp. 380, 382, 448, etc. ; (707), (776) for the Mediter- 
ranean), but in most other instances this is not very clearly marked. 
Abundant records (cf. (427), (532), (676) p. 21), moreover, testify to the 
frequent simultaneous occurrence of the two phases, although some- 
times the one and sometimes the other persists for a longer period. The 
sequence may, moreover, be reversed; thus, Ceramium tenuissimum 
bears cystocarps from April to June and tetraspores from then till 
August, while in Dumontia incrassata ((183) p. 435, (535) p. 238) sexual 
plants are found in the early part of the year and tetrasporic ones later 
on. On North European coasts cystocarpic plants of Harveyella are 

| found in winter and the tetrasporic ones mainly in spring ((657) p. 29). 

In Agardhiella Osterhout ((sos) p. 419; cf. also (347) p. 234) describes 
the outgrowth of the entire contents of a tetrasporangium as a single 
structure; for a time (fig. 293 F) the groups of cells derived from the 
Separate spores (te) remain distinguishable, but by degrees the limits 
become obscured. ‘The base of the single proliferation thus produced 
(fig. 293 G) is embedded in the parent-thallus and the lower cells 


) inhabiting northern 


x Segawa ((608) p. 185) records an individual with cystocarps, but it is not 
Main that the same species is involved ((680) pp. 22, 36). 


= 


mols monospore-formation. F, G, Agardhiella tenera (J. Ag.) Schmitz, 

mation of tetraspores in situ, with formation of a single plant; F, young 

siana ace: Stages. H, Seirospora occidentalis Boerges. and I, S. Griffith- 

cl o OE paraspore-formation. m, monospore; 7, nuclei; b, BEE 

? Spores EEN nuclei; rh, rhizoid; s, stalk-cell; t, trichogyne; te, tetas | 
mes after Bornet & Thuret; F, G after Osterhout; H after Boergesen; 

9senvinge; the rest after Svedelius.) | 
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e rise to penetrating rhizoids (rh). These growths 
ans or more rarely tetrasporangia ((167) 
presence of the last may imply an absence of reduction. oo the 
mentions the occurrence of comparable proliferations jn at 
clonium (cf. also (ss8) P- 593) and Gracilaria. Other instan e 
known in Champia parvula (486) p. 164) and Lomentaria fos in 
p. 19), in the latter associated with diploid tetraspores (cf, Gen 
She example afforded by Agardhiella is of particular interest Ge i) 
when the proliferations bear sex organs, the sexual phase js Be 
on the asexual one, an ae 


giv bear ma 
E ore le or 


d we have the converse condition to that fo 
5 D E u 
in diverse Gigartinales (cf. p. 731). nd 


Special Types of A sexual Reproduction 


The Ceramiaceae frequently produce special types of reproductiy 
cells which are restricted to the asexual individuals. As a general E. 
these also bear tetrasporangia, although in certain species the latter 
are lacking on most individuals. Monospora! pedicellata (Calli- 
thamnion pedicellatum C. A. Ag. (68) p. 21, (18), (276) pl. 212, (478) 
p. 372, (580) p. 203) owes its generic name to the customary production 
of ovoid “ monosporangia " (fig. 293 E, m), accompanied by infrequent 
tetrasporangia with tetrahedral spores; sexual plants are rare and 
have not been found on British shores. The ““monosporangia”, which 
are deeply pigmented and multinucleate, occupy the same position 
as the tetrasporangia and are seated on a stalk-cell (s) with scanty 
contents. At maturity they become detached as a whole and germi- 
nate without shedding the enveloping membrane; a further spo- 
rangium can develop from the same stalk-cell. In view of the variable 
size of the latter, Schiller ((s80) p. 204) regards the structures under 
discussion as bisporangia in which the lower cell has degenerated. 
Although probably diploid ((400) p. 159), the detachment and germi- 
nation of the entire organ renders its sporangial nature doubtful. 
The so-called paraspores of Seirospora Griffithsiana® ((68) p. xiv, 
(478) p. 364, (580) p. 144, (593) P: 276), which may be associated with 
bi- and tetrasporangia ((129) p. 217, (209) p. 11, (432) P: 195), occur as 
branched tufts (fig. 293 H, 1, p), composed of rounded thick-walled 
uninucleate cells; in S. occidentalis ((0) p. 225) they occupy the same 
position as the sporangia. The individual cells become detached at 
maturity, but the contents escape from the membrane prior to germ 
nation ((ss8) p. 351). Similar structures are recorded at the tips 0! 
the branches of Ceramium strictum (680) p. 148) and C. Deslongehump! 
(@s3) p. 45). Spermatia have been observed on the trichogyres |, 
Seirospora Griffithsiana ((460) p. 284) SO that this species pro»? y 


Proc. € "alifornta Acad: 


: 1 Neomonospora, according to Setchell & Gardner, 
Sci. IV, 22, 87, 1937. 
2 Cf. also Dohrniella ((225) p. 232). 
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esses 3 normal alternation, the paraspores constituting an ac- 
poss y means of propagation of the sporophyte. It may be doubted 
UR they have any homologies with the sporangia. In another 
E. of Seirospora they E. been found on individuals bearing 
5 rocarps ((226) p. 468). 
Bue bed as polyspores, which are formed within 
definite sporangia and have already been noted in Acrochaetium 
625), are of frequent occurrence among Ceramiaceae (see (737) 
(P. 60) and are also recorded in Gonimophyllum ((619) p. 394) and in 
Pi locladia (58). The sporangia of Gonimophyllum ((382) p. 96) develop 
jc those of other Nitophylleae (fig. 294 H). The nucleus of the initial 
divides into 30-50 parts, and the subsequent cytoplasmic cleavage 
results in à radial group of polyspores (fig. 294 I, 5) surrounding a 
central cell (ce). In this instance the polyspores appear to replace the 
tetraspores. This is also so in Pleonosporium,! in Spermothamnion 
| Snyderae among Ceramiaceae, and in Coeloseira ((309) p. 871) among 
Champiaceae. The sexual individuals of Pleonosporium bear sex 
organs closely resembling those of Callithamnion ((210), (soo) p. 116). 
The contents of the polysporangium first segment into four and then 
divide to form 8-24 spores. There is evidence of meiosis (aen) p. 194) 
and this, taken in conjunction with the details of development, 
justifies the view ((179) p. 474, (400) p. 157, (ss8) p. 399) that the poly- 
spores are derivatives of tetraspores. In Spermothamnion Snyderae 
(ir) there is a normal alternation (fig. 294 B, C), although the asexual 
individuals bear polysporangia only. Their initials (fig. 294 E, sp) 
contain several diploid nuclei, which undergo simultaneous meiotic 
divisions (fig. 294 F, G) so that the resulting spores are in multiples 
of four. 

In most Ceramiaceae, however, the polysporangia are accompanied 
by tetrasporangia, although the former tend to predominate in certain 
(colder?) habitats; sexual plants are often rare ((ss8) p. 400, (660). 
The polysporangia usually contain two or more nuclei at an early 
stage and the spores are mostly formed in multiples of four. They 
have been recorded in diverse species of Ceramium ((s13) PP: 51, 85, 
(4) p. 287, (580) p. 148), where they appear as large spherical struc- 
lures projecting from the cortical bands (fig. 294 D), in Callithamnion 
(06) p. 153, (558) p.. 311, (734) p. 166), where they occupy the same 
Rec as the tetrasporangia (fig. 294 A), and in Spermothamnion 
us (478) p. 411, (606) p. 224, (779). They are also found in Anti- 

"non plumula ((580) p. 146, (593) p. 285) and in Compsothamnion 
| in P- 188, (737) p. 360); in the former the number of spores 1s very 
; nsiderab]e, in the latter there are eight. In Plumaria elegans ((87) 
E 303, 89) p. 58, (s31) p. 32, (ss8) p. 355, (660)) they occupy the tips of 


1 
aes (1) p. 35 (as Corynospora), (60) p. 336, (383) p. 57, (459), (478) p. 399, 
corded c 4. Funk ((226) p. 466) appears to be the only person who has re- 
étraspores in Pleonosporium. 
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. ; ; "en; B, C, E-G, 
Fig. 294. Polyspores. A, Callithamnion Hookert Cont) em female plant 


Spermothamnion Snyderae Farl.; B, nucleus from somatı ium- 
(haploid); C, the same from a polysporangium (diploid); E, polye P Ei 
' initial, the sporangium (sp) about to be cut off; F, young sporne t i Chauv. 
in synezesis; G, the same, diakinesis. D, Ceramium Get 

H, I, Gonimophyllum Skottsbergii Setch.; H, formation of initial; Schmitz; 
sporangium in section. J, M-P, Plumaria elegans i 
J, mature sporangium; M, branch with polysporangium; =^, bearing 
cell of female SE O, ditto of tetrasporic plant; P, ehan o: E in 
polysporangia. K, L, Callithamnion Furcellarieae J. Ag, 20 of polyspore“ 
dehisced. a, axial cell; c, chromosomes; ce (in I), EE sporangium: 
group; co, cortex; n, nucleolus; p, polyspores; s, stalk-ce Sg after Drew.) 
(A, D, K, L after Rosenvinge; H, I, M after Kylin; the res 
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ultimate branches (fig. 294 J, M) and are usually found on distinct 
s (080) D 349): 


the 


ts ( à ; : : 
E gll the instances Just mentioned it remains doubtful whether 


^ polysporangia p st ue E Snyderae, modified 

qrasporangla producing nap/otd spores, or accessory reproductive 
te the spores of which serve merely for vegetative propagation b 
formed without reduction ((400) p. 159, (sss) p. 312 et seq., 
p. 166). À recent investigation by Drew (180) of Plumaria elegans 

own that here the polysporangia occur on special triploid 
rants (cf. fig. 294 P). The spores (fig. 294 J) are formed by suc- 
ressive division of the uninucleate initial and no reduction occurs 
during their formation. There are also haploid sexual (fig. 294 N) and 
diploid asexual (fig. 294 O) plants which follow a normal diplobiontic 
cycle. The mode of origin of the triploid plants is not yet clear, 
although the probable occurrence of triploid carpospores in Spermo- 
thamnion Turneri (G76) p. 563) indicates one way in which this con- 
dition could be reached. It remains to be seen whether a special 
nuclear constitution is associated with the occurrence of poly- 
sporangiate individuals also in other Ceramiaceae. It can hardly be 
doubted that the polysporangia are homologous with tetrasporangia, 
although those of Plumaria elegans, and probably of other Ceramiaceae, 
have undergone more profound modification than those of Spermo- 
thamnion Snyderae; this perhaps justifies the use for them of the dis- 
tinctive term parasporangia. 

Brief reference may be made to the bispores, which are particularly 
frequent in Corallinaceae (p. 655) and also of common occurrence in 
certain Ceramiaceae (fig. 294 L, and p. 714). Bauch ((35) p. 366), who 
gives a list of all the records to date, refers to a seasonal alternation 
between bispore- and tetraspore-producing plants in Crouania 
attenuata, Although an homology with tetrasporangia appears un- 
doubted (216,415), it still remains to be established whether or not re- 
duction occurs in the bisporangium. 


Modified Life-cycles 


While the previous considerations afford evidence of occasional 

| modifications in the diplobiontic cycle, it is among Phyllophoraceae 
(Bartinales) that the most fundamental changes are encountered. 

pace diverse species of Phyllophora possess a normal diplo- 
Die life-cycle (cf. p. 669 and (s22) p. 251), it is now conclusively 
et that that of P. Brodiaei! shows a striking abbreviation ((389) 

| d 275 (658) p. 525, (563) p. 13). The sex organs (cf. also (158) p. 29, (159) i 
e "P - 287) Occur either on the undulate margins of the fronds (cf. fig. | 
: or in special marginal leaflets (fig. 295 B, f); male and female | 


1 
T ( r D a 1 
((563) Re Systocarps described by Darbishire belong, according to Rosenvinge | 
* 7), to P. ei | 
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ans are often found in close association. The proca 
Re pie those of P. membranifolia, but M edle SN hos C) 
is scarcely developed. Spermatia have not been Ob Ogyne 
trichogynes, but Kylin ((389) p. 28) records the fusion of aan 9n the 
and supporting (auxiliary) cell (fig. 295 D) which is taken as E An 
of fertilisation. The gonimoblast-threads (fig. 295 E, 2) “RER ence 
from the enlarged and multinucleate auxiliary cell (su), penet arise 
all directions between the cells of the gametophyte with ne in 
establish pit-connections. A considerable number grow toward they 
exterior and give rise to nemathecial threads (x; cf. also (135) : P 
As these develop (fig. 295 G, n), they raise the overlying DN ). 
and penetrate the surface in several places, often on both sides of ii 
parent-frond ; the resulting cushions later fuse to form a lar e 
globular nemathecium (fig. 295 À, B, n), which sometimes See 
an entire fertile leaflet. Several months elapse before the nematheci 
- commence to form spores. They are differentiated (fig. 295 F) EE 
medulla (me) and a cortex composed of radiating threads (sp), in 
which all the cells, except for the outermost three or four, develop int 
cruciate tetrasporangia (cf. the nemathecia of other species, p. 674). 
Since the nemathecia of P. Brodiaei arise directly from the gonimo- 
blasts and produce tetraspores, they clearly represent the sporophyte, 
which is here parasitic on the gametophyte, the carposporangial stage 
being suppressed. The tetraspores grow into young plants ((ss8) p. 530, 
(63) p. 30) which are sufficiently like the mature gametophyte to com- 
plete the picture of the life-cycle. Claussen (135) produces rather in- 
conclusive evidence that the nemathecial nuclei are diploid. 


AS 


The nemathecia just described have been regarded as belonging to a 
parasite (Accinococcus subcutaneus (Lyngb.) Rosenv.; cf. (159), (252), (302), 
(591) p. 372), which was believed to obtain access through the apertures 
of the antheridial depressions (fig. 295 H). There were not wanting, 
however, suggestions that the “ parasite” might represent the actual 
sporophyte of P. Brodiaei ((158) p..12, (554) p. 34), although this remained 
in doubt until it was established by Rosenvinge. Similar '' parasites 
are recorded in diverse other species of Phyllophora ((s22) P- 251), in all 
of which no asexual individuals are known, while of the "parasite 
only tetraspore-producing stages have been found. There is thus con- 
siderable presumptive evidence that these species possess an abbrevi- 
ated life-cycle, comparable to that of P. Brodiaei. d 

An analogous condition is met with in Gymnogongrus: G. USE 
is probably a normal diplobiont, since separate cystocarpic and tetr 
sporic individuals are known; the sporangial nemathecia Were ne 
time regarded as a parasite, Colacolepis” peltaeformis. The er s 
from these nemathecia, however, germinate like the carpospores 9 


1 Heydrich's carpogonia do not exist P 

5 enetra 
_* Colacolepis was distinguished from Actinococcus by the SE to 
tion of the endophytic threads, from which the nemathec 
originate. 


jum was su 
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| Fig. 295. Phyllophora Brodiaei (Turn.) J. Ag. A, B, plants with nemathecia 
: 1); C, procarp; D, fusion between carpogonium and supporting (auxiliary) 
cell; E, development of gonimoblast; F, G, sections of young nemathecia; 


‚ antheridial development. a, antheridium; c, cortex; cb, carpogonial 


Ee ; ĉo, connecting filament; cp, carpogonium; cu, cuticle; f, Sn 
n n 5; 8, gonimoblast; J, lateral; m, antheridium mother-cell; me, me ul 
iy mathecia and nemathecial threads; sp, young sporangia; su, SUPPO g 


TN trichogyne. (A, B, E after Rosenvinge; the rest after Kylin.) 
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mmn e-0. 


. B, trans- 

Fig. 296. A-C, Gymnogongrus Griffithsiae Mart.; A, older P rs threads. 

# verse section through developing nemathecium; C, spore-procucite 
` D-O, Ahnfeltia plicata Fries; D, section of older nema 
matic); E, a few threads from a young nemathecium; f, © 

secondary nemathecial threads; G-L, details of monospores; "^ 
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cystocarP 
know?» 


cf. (522) P- 250), and this is so in G. Griffithsiae. The “ parasite” (Cola- 
DÉI ager gatus), found on this species, bears the same relation to the 
rocarp as in Phyllophora Brodiaei (@s5), (256) p. 532), while its spores 
roduce germlings with a discoid base bearing Gymnogongrus-fronds 
u28). Antheridia are unknown in G. Griffithsiae, and there is no evi- 
dence that fertilisation occurs. The procarps (fig. 296 A) are rudi- 
mentary and possess a large supporting cell (su), bearing a two-celled 
carpogonial branch (cb; cf. also (128) p. 759). Numerous threads (fig. 
266 B, g) arise from the supporting cell and some of them combine to 
form a fan-shaped mass of tissue (7), which penetrates the surface and 
forms a lobed nemathecium. There is no sharp line of demarcation be- 
tween its cells and the cortical tissue of the parent. The nemathecia, 
which are generally situated near the bifurcations of the thalli, form 
chains of sporangia (fig. 296 C) producing either tetra- or monospores 
(255). 

Another instance is furnished by G. platyphyllus Gardn. ((235) p. 247), 
in which the '* parasite ? (Actinococcus chiton Howe) has been shown (174) 
to be the tetrasporic stage. This arises in essentially the same way as in 
G. Griffithsiae ; antheridia are again unknown. It is possible that these 
species are altogether haploid. 


Despite its abundance, cystocarps have never been recorded in 
Ahnfeltia plicata. Especially during winter, however, the plants 
commonly bear yellowish nemathecia producing monospores ((87) 
p. 302), which were long regarded as belonging to a parasite Sterro- 
colax decipiens Schmitz ((s91) p. 393); although their independence was 
sometimes questioned. Rosenvinge (559) p. 560, (564) p. 4) provided 
the proof that these nemathecia are part of the reproductive cycle of 
Ahnfeltia (cf. also (25), (ss), (256) p. 534). No procarps are present, 
and the nemathecia (fig. 296 D) arise merely by proliferation of the 
cortical cell-rows (co) of the thallus. According to Rosenvinge” the 
primary nemathecial filaments (pn) bear two kinds of cells, viz. (a) 
terminal flask-shaped ones (fig. 206 E, f), possibly representing hairs, 


! The male organs (fig. 296 O) described by Gregory ((256) p. 547) require 
further investigation. : 
Gregory has a slightly different interpretation. 


Section of mature nemathecium, development of monospores; N, ditto of 
developing nemathecium before production of the secondary threads; 
O, development of antheridia(?). c, chromatophores ch, carpogonial branch; 


co, cortex; cu, cuticle; f, flask-shaped cells; 8, gonimoblast; ge, generative 


cells; m, monosporangium; », nucleus; pr, primary and sn, secondary nema- 
t, tetraspore; fm, 


thecial thre 2 N: 
ads; sp, spermatium(?); st, supporting cell; 

tetrasporangium RUE (A-C, M-O after Gregory; the rest after 

osenvinge.) 
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and (6) so-called generative cells (ge) which have dense cytoplasmic 
contents and are either terminal or situated laterally on the end-cells 
(fig. 296 N, ge). The generative cells, which are regarded as reduced 
procarps, give rise to threads (fig. 296 F, sn) which, extending out- 
wards, produce a system of secondary nemathecial filaments (fig. 296 
D, sn) overlying the primary ones and spreading over the surface of 
the parent-thallus. The end-cells of these threads (fig. 296 M) consti- 
tute the monosporangia! (m; cf. also fig. 296 G-L). Gregory ((s6) 
p- 547) records fusions between the medullary cells in the neighbour- 
hood of a nemathecium. Rosenvinge concluded that the number of 
chromosomes was the same in the medullary cells and in the mono- 
spores (cf. however (255) p. 768), but, although this is probable, there 
is need for a careful cytological study. 
The monospores germinate like those of Gloeosiphonia (p. 461 ; (125) 
p. 350). The resulting violet-coloured crusts bear hyaline hairs and 
closely resemble the basal discs of Ahnfeltia (cf. also (77) p. 287). 
The life-cycle of Ahnfeltia thus presents a further stage in the 
reduction-series afforded by Phyllophora Brodiaei and Gymnogongrus 
Griffithsiae. The condition existing in P. Brodiaei shows a marked 
degree of correspondence with that found in Lzagora tetrasporifera 
and Helminthocladia Hudsoni among Nemalionales (p. 627) and con- 
stitutes a striking example of convergent development. In either 
instance, although the starting-point is quite different, a probable 
diploid phase dependent upon the haploid one is attained. The rela- 
tion of the one to the other is altogether comparable to that found in 
Bryophyta. The manner of origin of such a dependent phase is of 
such interest that it is to be hoped that a thorough cytological in- 
vestigation of these particular Florideae will not be long outstanding. 
| Until then the actual state of affairs remains conjectural. 
h The condensed life-cycle of the Phyllophoraceae just considered 
| naturally raises the question of the relation between the haplobiontic 
| and diplobiontic types. A species like Gymnogongrus Griffithsiae is 
| probably haploid throughout its life-cycle, and it is possible to con- 
ceive of the origin of a typical haplobiont by a comparable process of 
condensation. If, however, the haplobiontic Florideae be regarded 
as derived from diplobiontic types (433) p. 329), a general simplifica- 
/ tion must be assumed to have taken place concurrently, for in almost 
| every respect (chromatophores, thallus-structure, carpogonial 
| branches, usual absence of auxiliary cells, etc.) the majority of 
Nemalionales appear as less specialised than the diplobiontic forms 
(cf. (678) p. 45). There is, moreover, presumptive evidence of a post- 
ponement of the reduction divisions in species of Liagora and Helmin- 
thocladia, whereas there are no facts indicating a transference of the 
seat of reduction from the tetrasporangium to the zygote. The 
Phaeophyceae demonstrate how tenaciously the place of the reduction 


1 De Toni’s record of tetraspores ((705) p. 204) is probably erroneous. 
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divisions may be confined to a definite type of reproductive organ (the 
unilocular sporangium). 

Attention may also be drawn to the instances afforded by Ulvaceae 
and Cladophoraceae among Chlorophyceae (1, pp. 216, 241), where 
likewise postponement of meiosis and establishment of isomorphic 
alternation is associated with advance in vegetative organisation ((77:) 
p. 536). Svedelius ((675), (677) p. 375, (678) p. 48) has emphasised the 
advantages arising from a postponement of reduction from the zygote 
to the sporangia of a distinct phase. The single division in the zygote 
is replaced by a large number of separate meiotic divisions upon the 
diploid phase, so that the possibilities for the redistribution of the 
characteristics of the parent are indefinitely multiplied. 

If the zygote of a haplobiontic red alga bearing sex organs and 
tetrasporangia—a condition occurring in diverse Nemalionales(p. 625) 
—failed to undergo meiosis, the diploid carpospores would produce 
individuals which might at first bear both sex organs and tetra- 
sporangia, the latter exhibiting reduction during spore-formation. If 
sexual fusion occurred in such diploid individuals, tetraploid forms 
would arise, and in this connection it is noteworthy that the majority 
of the investigated diplobiontic types have twice as many chromo- 
somes as the haplobiontic ones ((347) p. 219). Further increases in 
chromosome-number may have been prevented by sexual sterility, so 
that the sex organs on the diploid (tetraploid ?) individuals became 
functionless and gradually aborted (cf. p. 724 and 67) p. 553). 


C. THE DETAILED CLASSIFICATION OF FLORIDEAE 


The following synopsis of the classification of Florideae is based on 
that proposed by Kylin ((387) p. 113, (389) p. 97; see also (400)). It is 
Not possible to discuss earlier schemes of classification, nor do they, 
since the publication of the Natürliche Pflanzenfamilien (cf. also (s87)), 
differ radically from that of Kylin, although there are numerous dif- 
ferences in matters of detail, largely as a result of more extended 
knowledge. It has not been thought advisable to include all the families, 
and a large number of genera have been omitted, but the opportunity 
is taken to give some details about additional genera, which were 
excluded from the previous treatment. 


I. Nemalionales: 


(a) Uniaxial forms: 


1. Acrochaetiaceae: Acrochaetium, Kylinia, Rhodochorton. 
2. Batrachospermaceae: Batrachospermum, Gulsonia, Notho- 
cladus, Sirodotia. 


The two Australian freshwater species of Nothocladus (644) possess an 
undulate thallus (fig. 297 C) in which the nodes tend to be obscured by 
abundant production of secondary laterals. The elongate axial cells 


raii 48 
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(fig. 297 D, a) are not as wide as the cortical threads (c), which become 
laterally fused. The short laterals (fig. 297 E, /), arising from the cells 
of the curved carpogonial branches (cb), later fuse to form an envelope 
around the base of the carpogonium (fig. 297 G, e). The gonimoblasts 
(fig. 297 H, g) spread through the adjacent whorl and form carpo- 
sporangia (ca) at or above the surface of the thallus. 

The imperfectly known genus Gulsonia, described by Harvey ((273) 
P- 334, (278) p. 320; cf. also (so9) p. 331) from South Australian seas, has 
a smooth cylindrical thallus, with a basic structure like that of Batracho- 
spermum ; the richly branched laterals unite distally to form a continuous 
small-celled surface-layer. The compact gonimoblasts have an envelope 
of sterile threads. Monosporangia are recorded, while Agardh (el 
p. 56) describes tetrasporangia. 


3. Lemaneaceae: Lemanea, Tuomeya. 
4. Naccariaceae: Atractophora, Naccaria. 
5. Bonnemaisoniaceae: Asparagopsis, Bonnemaisonia. 


(b) Multiaxial forms: 
6. Thoreaceae: Nemalionopsis, Thorea. 


Thorea ramosissima (16,290, 464,581,588,596,731), only once recorded in 
the British Isles ((732) p. 428) but apparently not uncommon on the 
continent ((262) p. 307) and in other parts of the world, is usually found 
in swiftly running streams. The branched mucilaginous thalli are stated 
to reach a length of one metre and are densely covered with a felt of 
deeply pigmented hairs (fig. 297 A). The bulk of the thallus consists 
of irregularly intertwined hyaline threads (fig. 297 B, me) which, to- 
wards the outside, pursue a more longitudinal course and here bear 
densely arranged laterals. Some of these are elongate and project 
beyond the peripheral mucilage as the tomentum of hairs (h), which 
seems to be shed in the older parts. According to Schmitz ((596) p. 710; 
cf. also (464) p. 340, (581) p. 16) the threads composing the thallus are 
sympodially branched, each thread sooner or later terminating in a tuft 
of hairs, whilst longitudinal growth is continued by one or more 
laterals. There are evident pit-connections between the cells. 

Certain peripheral branches bear swollen monosporangia (sp), which 
are the only reproductive organs known.! The germinating spores ((s8:) 
p. 20) give rise to a creeping one-layered basal stratum, which bears 
short, erect threads and Chantransia-like filaments, both of which can 
produce spores. In the mature plant several shoots arise from a basal 
disc which is encrusted with carbonate of lime and composed of a 
tangle of threads. A second species has recently been described from 
Jugoslavia (345). 

Thorea has been regarded as a member of Phaeophyceae, but the 
presence of pit-connections and of starch-like granules in the cells 
(464) p. 342) suggests a reference to Florideae. The thallus can be re- 
garded as showing a specialised type of multiaxial structure. 


1 Schmidle’s cystocarps ((s81) p. 26) are probably epiphytic Blue-green b 
Algae. 
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Fig. 297. À, B, Thorea ramosissima Bory; A, habit; B, part of thallus in 
longitudinal section. C-F, Nothocladus nodosus Skuja; C, part of a plant; 
D, apex of a branch, showing cortication; E, F, carpogonial branches. 
G, H, N. tasmanicus Skuja; G, developing fruit; H, gonimoblast-threads with 
Carposporangia. a, axial cell; ac, apical cell; c, cortical threads; ca, carpo- 
sporangia; cb, carpogonial branch; cp, carpogonium; e, envelope; g, gonimo- 
blast; h (in B), hairs; /, lateral; m, spermatium; me, medulla; p, pericentral; 
$, segment; sp, monosporangium; f, trichogyne. (A after Schmitz; B after 
Hedgcock & Hunter; the rest after Skuja.) 
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Nemalionopsis, recorded by Skuja (645) from the Philippines, is like- 
wise found in fresh water. The little-branched cylindrical thalli possess 
a structure like that of Nemalion; hyphae are produced from the inner 
cortical cells. The only reproductive organs known are monosporangia 
borne terminally on the cortical threads. 

Kylin ((400) p. 66) regards these two genera as a series parallel to the 
marine Helminthocladiaceae. 


7. Helminthocladiaceae: Cumagloea, Dermonema, Dorella, Hel- 
minthocladia, Helminthora, Liagora, Nemalion, Trichogloea. 


Dorella ((727) p. 205) is a diminutive unbranched form closely re- 
sembling Nemalion. 


8. Chaetangiaceae: Chaetangium, Galaxaura, Scinaia. 


II. Gelidiales: 
1. Gelidiaceae: Gelidiella, Gelidium, Pterocladia. 


III. Cryptonemiales: 

1. Gloeosiphoniaceae: Gloeosiphonia, Schimmelmannia, Thure- 
tella. 

2. Endocladiaceae: Endocladia, Gloeopeltis. 

3. Callymeniaceae: Callocolax, Callophyllis, Callymenia, Erythro- 
phyllum ((11) p. 57, (799), Euthora, Nereoginkgo, Rhizopogonia ((395) 
p. 6). 

4. Grateloupiaceae: Aeodes, Cryptonemia, Grateloupia, Haly- 
menia, Pachymenia, Prionitis, Thamnoclonium. 


'This family is mainly represented in the warmer seas and several 
genera (Aeodes ((4) p. 678), Pachymenia) are confined to the Southern 
Hemisphere. The Pacific Prionitis seems to lack the characteristic 
stellate medulla (p. 478) found in most of the other genera ((s99) p. 513, 
(634) p. 20). Cryptonemia Lomation (Bertol.) J. Ag. (fig. 298 E) is a 
characteristic foliose form found in the Mediterranean. The sexual re- 
production of C. borealis ((634) p. 16) is essentially like that of Grate- 
loupia; both the carpogonial and auxiliary cell branches are lodged in 
cavities. In Aeodes ((383) p. 18) the product of fertilisation becomes 
invested by a definite wall, composed of numerous interlacing filaments. 
In Cryptonemia and Prionitis the tetrasporangia are formed in nema- 
thecia. 


s. Dumontiaceae: Acrosymphytum, Constantinea, Cryptosiphonia, 
Dilsea, Dudresnaya, Dumontia, Farlowia, Pikea, Thuretellopsis. 


Farlowia and Pikea ((4) pp. 252, 262, (272) p. 246, (383) p. 15, (599) 
p- 519), which inhabit the western coasts of North America, have 
flattened distichously branched fronds, the central axis being parti- 
cularly prominent in the latter; the carposporangia are embedded at the 
periphery of the medulla, in two longitudinal series on either side of the 
median line in Pikea, uniformly distributed over the cross-section in 


Farlowia. 
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6. Cruoriaceae: Cruoria, Petrocelis. 

7. Rhizophyllidaceae: Polyides, Rhizophyllis. 

8. Squamariaceae: Coriophyllum, Cruoriopsis, Ethelia, Hilden- 
brandia, Peyssonnelia, Rhododermis. 

9. Corallinaceae: Amphiroa, Archaeolithothamnion, Cheilo- 
sporum, Choreonema, Corallina, Epilithon, Lithophyllum, Litho- 
thamnion, Melobesia, Phymatolithon, Porolithon, Sporolithon. 

For other genera that have been distinguished, see (666) p. 257. 

10. Choreocolaceae: Choreocolax, Harveyella. 


IV. Gigartinales: 
(a) Without procarps: 


1. Calosiphoniaceae: Bertholdia, Calosiphonia. 

2. Nemastomaceae: Nemastoma, Platoma, Schizymenia. 

3. Sebdeniaceae: Sebdenia. 

4. Furcellariaceae: Furcellaria, Halarachnion, Neurocaulon. 


Families ı, 2, and 4 include the genera placed in Nemastomaceae by 
Schmitz (599). 


5. Solieriaceae: Agardhiella, Anatheca, Eucheuma, Flahaultia, 
Meristotheca, Opuntiella, Sarcodiotheca, Solieria, Thysanocladia, 
Turnerella. 


All these are multiaxial and most inhabit warmer seas. Anatheca and 
Meristotheca ((4) p. 582, (393) p. 25) are tropical foliose forms, dis- 
tinguished by the occurrence of the carpogonial branches in small 
papillae borne on the surface of the thallus. Sarcodiotheca ((393) p. 15), 
based on the Pacific Anatheca furcata Setch. & Gardn. ((383) p. 36, (623) 
p. 310), lacks this feature. The cystocarps of all three resemble those of 
Agardhiella (p. 660), although in Meristotheca and Sarcodiotheca (fig. 
298 A) the carposporangia (ca) are arranged in rows. In Flahaultia 
appendiculata Born. ((6s) p. 278) the cystocarps are devoid of the peri- 
pheral fibrous investment. 

Eucheuma ((2) p. 624, (so) p. 366, (727) p. 408, (729) p. 136, (753)), with 
species in the Indian Ocean and Japanese seas, has terete or flattened 
thalli, often occupied by abundant spiny branchlets which harbour the 
cystocarps. In Thysanocladia ((277) pl. 187, 211), an Australian genus with 
a flattened pinnately branched thallus, the carposporangia form rows 
radiating in all directions from a large branched (fusion ?) cell. 


6. Rissoellaceae: Rissoella. 


7. Rhabdoniaceae: Areschougia, Catenella, Erythroclonium, 
Rhabdonia. 


All these are uniaxial. In Areschougia and Rhabdonia, most of the 
species of which are Australian, there is a three-sided apical cell, the 
segments of which produce only a single lateral ((393) p. 32); in the 
former the axial row remains prominent, while in Rhabdonia it is ob- 
scured by hyphae. The thallus of Areschougia ((277) pl. 13) is flattened 
With distichous branching, that of Rhabdonia ((41) p. 152, (277) pl. 152, 
299) terete and radially branched. Apart from Catenella ((387) p. 66) 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


m 


N, T e TL ege 


| 
i 
| 
| 
; 
| 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


742 FLORIDEAE 


the carpogonial branch is always three-celled. In the mature fruits 
there is always a large fusion-cell which, in Rhabdonia (fig. 298 D, f) 
and others, is directly connected with a cell of the axis (a). 


(b) With procarps: 


8. Rhodophyllidaceae: Acanthococcus, Calliblepharis, Craspedo- 
carpus, Cystoclonium, Rhodophyllis, Wurdemannia( ?). 

Acanthococcus antarcticus Hook. & Harv. ((2) p. 434, (4) p. 34, (269) 
p. 477), with a flattened distichously branched thallus, is restricted to 
the Antarctic seas. A large fusion-cell is found in the mature gonimo- 
blast (cf. Cystoclonium). Craspedocarpus ((393) p. 46, (s99) p. 375 ; Callo- 
phyllis erosa Hook. & Harv. (274) p. 250) has a forked foliose thallus and 
resembles Calliblepharis and Hypnea in its reproduction; the fruits con- 
tain a fine-celled tissue (fig. 298 F, s) and several groups of carpo- 
sporangia. 

Wurdemannia ((272) p. 245) is an Atlantic genus of doubtful affinity, 
referred by some to the Gelidiales ((204) p. 544, (205) p. 136), by others 
((3) p. 77; cf. also (soo) p. 382) to the Rhodophyllidaceae. The habit 
(fig. 298 G) is like that of some species of Gelidium, but a single apical 
cell is not evident (cf..(so) p. 369); the branches tend to become joined 
by haptera (A). Zonate tetrasporangia are the only organs of reproduc- 
tion known. 

Families 5-8 include the majority of the genera placed in the Rhodo- 
phyllidaceae by Schmitz (s99) who, however, referred Calliblepharis to 
his Sphaerococcaceae. 


9. Hypneaceae: Hypnea. 

10. Plocamiaceae: Plocamium. 

11. Sphaerococcaceae: Heringia, Phacelocarpus, Sphaerococcus, 
Stenocladia. 


Apart from Sphaerococcus, the genera of this family are confined to 
South Africa and Australia; they are probably all uniaxial. There is a 
large fusion-cell in the mature gonimoblast ((393) p. 48), while the fruits 
generally project markedly and are sometimes (Phacelocarpus) stalked. 
The tetrasporangia are cruciate. 


12. Gracilariaceae: Ceratodictyon (Marchesettia), Curdiea, Graci- 
aria, Melanthalia, Tylotus. 


Curdiea ((273) p. 333, (277) pl. 39) and Tylotus ((4) p. 428) are Australian 
seaweeds with foliose thalli, the latter with sporangial nemathecia. The 
cystocarp of Tylotus ((393) p. 59) is like that of Gracilaria. The tetra- 
sporangia are cruciate. 

Families 9, 11, and 12 are included in Schmitz’s Sphaerococcaceae. 


13. Mychodeaceae: Mychodea. 
‚14: Acrotylaceae: Acrotylus (@) p. 192), Hennedya. 


These are multiaxial forms of the Southern Hemisphere, with zonate 
sporangia grouped in nemathecia and with cystocarps of a special type 
(fig. 260 D; cf. (393) p. 67). 


H 
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Fig. 298. A, Sarcodiotheca furcata (Setch. & Gardn.) Kyl., section of a young 
cystocarp. B, C, Iridaea cordata (Turn.) J. Ae: B, section of a young 
cystocarp; C, connections (co) between gonimoblast and nutritive tissue (nu). 
D, Rhabdonia verticillata Harv., mature gonimoblast. E, Cryptonemia 
Lomation (Bertol.) J. Ag., habit.. F, Craspedocarpus erosus (Hook. & Harv.) 
Schmitz, section of mature fruit. G, Wurdemannia setacea Harv., habit. 
a, axial cell; c, cortex; ca, carposporangia; f, fusion-cell; g, gonimoblast; 
h, haptera; nu, nutritive tissue; s, fine-celled tissue. (E after Kützing; G after 
Boergesen; the rest after Kylin.) : 
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15. Phyllophoraceae: Ahnfeltia, Ceratocolax, Gymnogongrus, 
Phyllophora, Stenogramma. 
16. Gigartinaceae: Chondrus, Gigartina, Iridaea. 


Iridaea (Iridophycus (626) ; cf. (404) p. 22, (775) p. 82) is mainly represented 
in the Southern Hemisphere ((269) pp. 188, 485), although some species 
occur on North Pacific coasts, being often found between tide-levels ((623) 
p. 298). The large, often unbranched, fronds commonly show iride- 
scence. I. cordata J. Ag. (I. laminarioides Bory; I. micans Bory) is one 
of the largest of the Antarctic Florideae ((143) p. 149, (228) p. 54). The 
vegetative structure ((387) p. 45) is like that of Chondrus, but the threads 
composing the thallus always produce only two branches, as in Endo- 
cladia (p. 484); Kylin believes in an affinity between the two genera. 
The cells on the inner side of the gonimoblast of Iridaea produce 
numerous hyphae and constitute a nutritive tissue (fig. 298 B, nu), with 
which certain elements of the gonimoblast connect by means of elongate 
threads (fig. 298 C, co). 


V. Rhodymeniales: 


1. Champiaceae: Champia, Chylocladia, Coeloseira, Gastro- 
clonium, Lomentaria. 

2. Rhodymeniaceae: Bindera, Chrysimenia (sens. lat.), Coelar- 
thrum, Dendrymenia, Epymenia, Fauchea, Gloeosaccion, Hymeno- 
cladia, Rhodymenia. 


Epymenia ((274) p. 249, (277) pl. 89, (392) p. 22) bears its cystocarps and 
sporangia in small superficial outgrowths on the foliose thallus. 
Hymenocladia ((2) p. 772, (4) p. 311, (392) p. 24), most species of which 
are Australian ((277) pl. 20, 118), is distinguished by the abundant 
pinnate ramification of the thallus and the presence of short hyphae 
among the internal cells (cf. Callophyllis). The procarps and cystocarps 
are much like those of RAodymenia. 


VI. Ceramiales: 


I. Ceramiaceae: Antithamnion, Ballia, Bornetia, Callithamnion, 
Carpoblepharis, Ceramium, Ceramothamnion, Compsothamnion, 
Crouania, Euptilota, Gattya, Griffithsia, Haloplegma, Halurus, Lejolisia, 
Microclacia, Monospora, Pleonosporium, Plumaria, Ptilocladia, Ptilota, 
Ptilothamnion, Reinboldiella, Seirospora, Spermothamnion, Sphondylo-. 
thamnion, Spyridia, Vickersia, Wrangelia. 


Ballia callitricha ((@) p. 74, (18), (267), (407) p. 400; incl. B. Brunonis 
Hook. & Harv. (269) p. 488) is a widely distributed ((405) p. 70) sub- 
antarctic'and antarctic sublittoral form (see map 1,.p. 8). The rigid 
threads show repeated pinnate branching (fig. 299 A), the older parts 
being densely corticated. In the rarer B. scoparia Harv. ((277) pl. 168) 
the branches are alternate. 

Carpoblepharis, Gattya, and Ptilocladia show a modification of the 
batrachospermoid structure of Crouania and depart rather widely from 
other Ceramiaceae in habit. The first has species in South Africa and 
Japan, the other two are Australian. All three have flattened, pinnately 
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branched thalli. In Carpoblepharis ((s99) p. 500) and Gattya ((277) pl. 
93, (599) p. 499) the axial cells bear whorls of six laterals, the branches 
of which unite to form a compact surface; in Gattya the inner cells of 


Fig. 299. A, Ballia callitricha (Ag.) Mont., habit. B, Dictymenia Sonderi 
Harv., part of a plant. C, D, Haloplegma Preissii Sond. ; C, portion of a frond, 
natural size; D, small part of network, enlarged. E-G, Colacopsis pulvinatum 
(Schmitz) De Toni; E, older female frond; F, tetrasporangiate frond; G, 
transverse section of latter. H, Wrightiella Tumanowiczii (Gatty) Schmitz, 
part of a branch, with, a spine (sp) and a fertile trichoblast. a, axial cell; co, 
cross-connections; p, pericentral; t, tetrasporangium; tr, trichoblast. (A after 
Kützing; E-G after Falkenberg; H after Boergesen; the rest after Harvey.) 


the laterals are widely separated, giving a loose fistular structure. 
Ptilocladia ((277) pl. 209, (599) p. 499) has the laterals in whorls of four; 
in the older parts hyphae form an investment to the inner surface of the 
cortical region. Okamura (490) would unite Reinboldiella (see p. 528) 
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with Carpoblepharis. The sporangia of the latter are confined to special 
fructifying shoots. 

Haloplegma ((4) p. 89, (277) pl. 79, (599) p. 492), with species in the 
warmer seas, has a branched, spongy thallus (fig. 299 C), in which 
numerous Callithamnion-like threads are linked (fig. 299 D),'by means 

i of cross-connections (co), to form an elaborate network. 


| 2. Delesseriaceae: 


(a) Delesserieae: Apoglossum, Caloglossa, Claudea, Delesseria, 
Grinnellia, Hemineura, Hypoglossum, Membranoptera, 
Pantoneura, Vanvoorstia. 

(b) Nitophylleae: Acrosorium, Cryptopleura, Gonimophyllum, 
Haraldia, Martensia, Myriogramme, Nitophyllum, Phy- 
codrys, Polycoryne, Polyneura. 


H (c) Sarcomenieae: Cottoniella, Platysiphonia, Sarcomenia, 
Taenioma. 
H 3. Rhodomelaceae: The following subdivision of this large family 


is based on Falkenberg (192): 
(a) Polysiphonieae: Bryothamnion, Digenea, Polysiphonia, 


{ Stromatocarpus. 
| (b) Lophothalieae: Brongniartella, Doxodasya, Lophocladia, 
| Lophothalia, Murrayella, Pteronia, Spirocladia, Wrightiella. 


Wrightiella ((so) p. 310, (192) p. 559, (s92) p. 222), found in the warmer 

parts of the Atlantic, resembles Lophocladia (p. 550) in the method of 

| cortication and the endogenous origin of the lateral branches, most of 

which develop as spines of a soft consistency (fig. 299 H, sp), as well as 

in the production of sporangia (f) on the trichoblasts (tr). It is the 

upper part of the latter that becomes polysiphonous, the segments 

forming a single sporangium (fig. 299 H) and bearing a uniseriate 
branchlet. For Spirocladia see (56, 480). 


(c) Bostrychieae: Bostrychia, Colacopsis. 
(d) Rhodomeleae: Odonthalia, Rhodomela. 
(e) Chondrieae: Acanthophora, Chondria, Coeloclonium, Her- 
pochondria. 
(f) Laurencieae: Janczewskia, Laurencia, Ricardia. 
(g) Pterosiphonieae: Dictymenia, Pollexfenia, Pterosiphonia, 
Symphyocladia. : 
Dictymenia ((2) p. 1076, (6) p. 103, (192) p. 282, (270) pl. 7, (277 pl. 21), 
with species in the Indian Ocean and Australia, shows marked division 
of the pericentrals situated on the flanks of the principal axes and of the 
laterals. This results in a leafy expanse (fig. 299 B), in which axis and 
laterals appear as veins, while the free tips form projecting teeth; there 
is a narrow small-celled cortex. Trichoblasts, which do not bear the 
reproductive organs, occur only on the free tips. 4 
(h) Herposiphonieae: Amplisiphonia, Dipterosiphonia, Herpo- 
' siphonia, Periphykon, Placophora. 
(i) Lophosiphonieae (see p. 566): Ctenosiphonia, Falkenbergiella, > 
Lophosiphonia, Ophidocladus, Stictothamnion. 
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(3) Polyzonieae: Cliftonaea, Euzoniella, Leveillea, Polyzonia. 
(k) Amansieae: Amansia, Halopithys, Kützingia, Lenormandia, 
Osmundaria, Rytiphloea, Vidalia. 


4. Dasyaceae: Colacodasya, Dasya, Dasyopsis, Dictyurus, Hetero- 
siphonia, Thuretia. 
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Ascocyclus, 27, 60, 118, 120, 138, 139; 
A. orbicularis, 59*, 138; À. secun- 
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Ascoseiraceae, 382 

Asexual reproduction, see akinetes; 
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Audouinella, 450 
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Aulosira, 837, 861; A. fertilissima, 
854; A. laxa, 834*; A. thermalis 
(syn.), 854 

Australasia, algal flora, 10, 12; 
Florideae of, 486, 501, 517, 539, 
549, 560, 561, 566, 572, 574, 738, 
741, 742, 744, 746; Phaeophyceae 
of, 85, 172, 254, 263, 302, 323, 
343 

Auxiliary cells, 413, 599-602, 622, 
635, 656, 663, 666, 669, 676, 683, 
703; sterile-, 635, 639 

Auxiliary mother-cells, 674 

Auxocaulous Sphacelariales, 265, 266, 
268, 270 

Axillaria, 329, 330, 334, 381; A. 
constricta, 328*, 329 

Azolla and Nostocaceae, 769, 872-4 

Azotobacter, 874 


Bacillariophyceae, 42; see also Di- 
atoms 

Bacteria, 774, 780, 864, 869; and 
Florideae, 583-4; and Myxo- 
phyceae, 831, 860, 869, 870, 871, 
874, 878; and Phaeophyceae, 24 

Bactrophora, 80, 140 

Badderlocks (Alaria esculenta), 213 

Balanus, 878 

Balbiania (syn.), 450 

Ballia, 523, 684, 685, 744; B. Bru- 
nonis (syn.), 744; B. callitricha, 
10, 744, 745*; B. scoparia, 744 

Baltic, seaweed vegetation of, 6, 11, 
388, 529, 591, 725 . 

Bamboo Seaweed (Ecklonia buc- 
cinalis), 218 : 

Bangia, 397, 407, 424-6*, 431, 433, 
434, 437, 438; B. atropurpurea, 
425*, 426; B. ceramicola (syn.), 
424; B. elegans (syn.), 427; B. 
fuscopurpurea, 1, 2, 8, 425*, 426, 
432*, 436*; B. pumila, 432*, 436* 

Bangiaceae, 423-7", 438 

Bangiales, 9, 23, 96, 397, 402, 412, 
413, 415, 416, 423-44 

Bangieae, 424, 433 et seq. 

Bangioideae, 397, 398, 415, 423-44 

Batrachospermaceae, 737 

Batrachospermum, 398, 401, 402, 407, 
413, 444, 446, 454-7", 467, 592, 
594, 597, 608-10", 612, 622, 623, 
624, 627, 737; B. Breutelit, 457, 
626*, 628; B. densum, 455-6*; 
B. Dillenii, 455; B. ectocarpum, 
456%, 610; B. lochmodes, 623, 624* ; 
B. moniliforme, 454*, 504, 598*, 
609*, 610, 628; B. orthostichum, 
610; B. sporulans, 623; B. vagum, 
407, 454*, 455, 610, 623 

Battersia, 262, 28x, 287, 300; B. 
mirabilis, 282* 
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Beggiatoa, 788, 860; B. mirabilis, 803 

Bellotia, 171, 173, 177; B. erio- 
phorum, 172*, 173 

Benzaitenia, 580 

Bertholdia, 657, 741; B. neapolitana, 
657 

Bifurcaria, 332-4*, 353, 358, 363, 
366, 382; B. brassiciformis, 373”; 
374; B. laevigata (syn.), 334; B 
sisymbrioides, 332; B. tuberculata, 
36", 332, 333%, 352*, 369 

Bifurcariopsis, 334, 353, 365. 369, 
370, 374, 382 

Bilateral Rhodomelaceae, 558-63 

Bindera, 515, 678, 744; B. splach- 
noides, 515, 51 

Biotic factors, 6 

Bispores, 603, 625, 655, 714, 728, 
731 

Blasia and Nostocaceae, 872-4 

Blepharoplasts, 118, 119, 165, 376 

Blossevillea (syn.), 339, 382 

Blue-green Algae, see Myxophyceae 

Bodanella, 19, 58, 139 

Bonnemaisonia, 413, 480-2*, 587, 
616-20*, 623, 738; B. asparagoides, 
480-2*, 586 et seq., 595*, 607, 617, 
618*, 627; B. californica, 588; 
B. hamifera (syn.), 480 

Bonnemaisoniaceae, 738; reproduc- 
tion, 616-20*, 622-3, 627; vegeta- 
tive structure, 480-2*, 586 

Boreal-arctic seaweeds, 8 

Bornetia, 412, 522, 590, 687, 694, 
744; B. secundiflora, 399, 403*, 
448", 522 

Bostrychia, 398, 411, 531, 551-2, 558, 
706, 707, 717, 746; B. calliptera, 
552; B. Hookeri, 551*, 552, 718*; 
B. Moritziana, 551*, 552; 
radicans, 551*, 552; B. rivularis, 
552; B. scorpioides, 551*, 552, 
706*; B. tenella, 551*, 552; 
tenuis, 552; B. tuomeyi (syn.), 549; 
B. vaga, 547*, 552 

Bostrychieae, 551-2*, 746 

Botryocladia, 517, 677-8; B. micro- 
physa, 516%; B. pseudodichotoma, 
516*, 676%; D. uvaria, 512* 

Brachytrichia, 846—7*, 861; B. Ba- 
lani, 846, 847* 

Brachytrichieae, 846—7*, 861 

Brackish water, seaweeds of, 6, 11, 
388, 398, 429, 529, 551, 591, 725 

Bracts and bracteoles of Sphacc- 
lariales, 287, 289 

Branching, of Dasyaceae, 572, 574; 
of Delesseriaceae, 531, 533; of 
Dictyotales, 304, 310; of Fucales, 
339, 341, 344, 35X et seq., 365; of 
Myxophyceae, 838, 842, 846, 848, 
856; of Rhodomelaceae, 542*, 543, 


545-6*, 550, 566; of Sphacelariales, 
262, 271—9* 

Bromine, 587, 588 

Brongniartella, 543 et seq., 548 et 
seq., 606, 707, 708, 722, 746; B. 
byssoides, 542*, 548, 683, 704*, 705 

Brown Algae, see Phaeophyceae ` 

Bryophyta, 736 

Bryothamnion, 549, 709, 746; B. 
triquetrum, 547* 

Buffhamia, 107 

Bulb-cells of Rhodymeniales, 514, 


515 
Bull-kelp (Nereocystis), 207 


Caecostomata (of Fucales), 368 

Caepidium, 52, 86, 140; C. antarc- 
ticum, 86* 

Calcareous concretions and Myxo- 
phyceae, 867*, 868-9 

Calcification, in Myxophyceae, 832, 
840, 854, 869; in Phaeophyceae, 
25, 55, 305; in Rhodophyceae, 
400-1, 426, 471, 474, 504, 644 

Calcite, 400, 869 

Calcium carbonate, deposition by 
Myxophyceae, 868-9 

Calcium oxalate, 411 

Calliblepharis, 490, 663, 664—5*, 666, 
669, 741; C. ciliata, 412, 489*, 
490, 590; C. jubata (syn.), 490; 
E lanceolata, 490, 491%, 588, 589*, 
65 

Callithamnion, 399, 401, 404, 408, 
453, 518-19*, 523, 584, 585, 602, 
604, 685, 689-90", 691, 692, 714, 
720, 722, 729, 744; C. baccatum 
(syn.), 520; C. Baileyi, 519*; C. 
bisporum, 714; C. brachiatum, 724; 
C. Brodiaei, 518; C. byssoides, 518, 
714; C. corymbosum; 9, 401, 449, 
518, 595*, 600*, 603*, 689, 690*, 
693*, 713*, 723; C. cruciatum 
(syn.), 522; C. floccosum (syn.), 
522; C. Furcellarieae, 518, 689, 
690*, 714, 725, 730%; C. Hookeri, 
518, 519*, 730*; C. membrana- 
ceum (syn.), 453; C. pedicellatum 
(syn.), 728; C. pluma (syn.), 520; 
C. plumula (syn.), 522; C. roseum, 
518; C. scopulorum, 518; C. seiro- 
spermum (syn.), 519; C. serpens 
(syn.), 627; C. tetricum, 518, 519; 
C. thuyoides, 403* ; C. tripinnatum, 
518; C. Turneri (syn.), 520 

Callocolax, 578, 740; C. neglectus, 578, 


634 

Callophyllis, 50x, 634, 740; C. 
edentata, 501*; C. erosa (syn.), 
742; C. laciniata, 578, 634, 635; 
C. obtusifolia, 634 

Callose, 24 e 
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Callus, 24, 232, 234, 360 

Callymenia, 501, 634, 660, 740; C. 
californica (syn.), 496; C. cribrosa, 
soi; C. Dubyi (syn.), 496; C. 
reniformis, 501*, 633*, 634; C. 
septentrionalis (syn.), 496 

Callymeniaceae, 501-2*, 634-5, 650, 


740 

Caloglossa, 531, 540, 696, 701, 716, 
746; C. Leprieurii, 531, 532*, 701; 
C. ogaswaerensis, 530* 

Calorhodin, 781 

Calosiphonia, 412, 457, 459, 657, 674, 
741; C. fimsterrae (syn.), 657; 
C. neapolitana (syn.), 657; C 
vermicularis, 657, 658* 

Calosiphoniaceae, 741 

Calothrix, 798, 799, 803, 837 et seq.*, 
846, 861; C. crustacea, 840, 862; 
C. epiphytica, 774*, 800; C. parie- 
tina, 794*, 839*, 865; C. pulvinata, 
786; C. scopulorum, 2, 796, 840, 
862, 866; C. vivipara, 846 

Calyptra of Oscillatoriaceae, 831 

Capitate trichomes, 831 

Capsicarpella speciosa (syn.), 153 

Capsosira, 849-50*, 856, 861; C. 
Brebissonit, 849, 850* 

Capsosiraceae, 848, 861 

Carotenes, 29, 376, 405, 437, 781 

Carpoblepharis, 744—5 

Carpoglossum, 323, 334, 369, 382; 
C. angustifolium (syn.), 334; 
confluens, 334, 335* ; C. constrictum 
(syn.), 329, 334; C. quercifolium 
(syn.), 334 FR 

Carpogonia, 413; of Bangiales, 432*, 
433-4; of Florideae, 592-3*, 596 

See branch, 592-3, 612, 
57 

Carpomitra, 27, 172, 173 et seq.*; 
C. Cabrerae (syn.), 171; C. costata, 
26*, 171 et seq.*, 178*, 281 

Carpophyllum, 3, 10, 343, 353, 362, 
369, 372, 374, 382; C. flexuosum, 
340* 

Carposporangia and carpospores, 6, 
413, 434, 599, 602, 607 

Carposporophyte, 601 

Carrageen, 400, 497 

Caryosome-nuclei, 413 

Castagnea, 21, so, 76, 77, 79-82*, 
89, 119, 140; C. contorta, 39*, 8o, 
83*; C. crassa, 82, 83* ; C. fistulosa, 


8o, 82, 83*; C. virescens, 8, 77", 


79, 82, 83*, 130, 131; C. Zosterae, 
80 et seq.*, 136, 138 š 
Catenella, 398, 486, 489, 502, 531, 
660, 662-3, 741; C. Nipae, 486; 
C. Opuntia, 7, 463, 486, 487*, 660 
et seq.*; C. repens (syn.), 486 
Caulerpa, 12; C. prolifera, 11 


SAIL 


Caves, algal vegetation of, 4, 71, 407, 
453 S 
Cavicularia and Nostocaceae, 872-4 
Cell-division, in Myxophyceae, 780, 
790, 812-13; -sheath of Myxo- 
phyceae, 787-90*, 793, 797, 798, 

807, 808 

Cell-wall, of Myxophyceae, 771, 787- 
go*; of Phaeophyceae, 24, 25, 
262; of Rhodophyceae, 399-401 

Cellulose, 24, 234, 399, 400, 423, 
604, 788, 796, 799, 827 

Central body of Myxophyceae, 770, 
775; see also Centroplasm 

Central cells of Florideae, 446 

Centroplasm of Myxophyceae, 770, 
775-80*, 790 / 

Centrosomes, of Phaeophyceae, 35, 
36*, 37, 261*, 265, 311, 323, 370, 
376, 378; of Rhodophyceae, 413, 
437, 605*, 606 

Cephalodia, 875 

Ceramiaceae, 413, 590, 719, 720, 744; 
antheridia, 691—4*; sexual repro- 
duction, 683-91*; tetrasporangia, 
etc., 712-14", 723-4, 728-31*; 
vegetative structure, 390, 404, 444, 
449, 517-29* 

Ceramiales, 9, 416, 584, 606, 650, 
722; classification, 744, 746-7; 
germlings, 607; interrelations, 719- 
20; reproduction, 447, 592, 601 
et seq., 683—719, 725, 727; vegeta- 
tive structure, 397, 404, 412, 445, 
447, 449, 517-78, 586, 608 

Ceramium, 399, 403*, 404, 412, 447, 
525-7", 544, 588, 590, 606, 685, 
691, 694, 714, 722, 729, 744; C 
acanthonotum, 527; C. ciliatum, 
401, 402, 527; C. corticatulum, 
727; C. Deslongchampii, 526*, 728, 
730*; C. diaphanum, 526*, 527, 
693%; C. echionotum, 448*, 527; 
C. fastigiatum, 526*; C. hypnae- 
oides, 588; C. nodosum (syn.), 527; 
C. radiculosum, 527; C. rubrum, 
129, 400, 406, 411, 437, 447, 527; 
595*, 685, 693*, 727; C. strictum, 
527, 728; C. tenuissimum, 527, 
727; C. transversale, 527 

Ceramothamnion, 527, 744 

Ceratocolax, 578, 744; C. Hartaii, 
578, 579* E 

Ceratodictyon, 583, 742; C. spongt- 
oides, 581*, 583 

Chaetangiaceae, 740; reproduction, 
620—2* ; vegetative structure, 471— 

* >. 


Chaetangium, 472, 620, 622, 623, 
740; C. saccatum, 472, 618*, 620 

Chaetolithon deformans (syn.), 583 

Chaetophorales, 20, 50, 424 


59 
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Chaetopteris, 262, 263, 265 et seq.", 
300; C. plumosa, 8, 263, 269*, 271, 
286*, 292 

Chalk, algal vegetation of, 2, 866 

Chamaephytes, 5 

Chamaesiphon, 813, 819, 822, 858, 
861, 869; C. confervicolus, 813; 
C. curvatus, 810*; C. ferrugineus, 
867*; C. fuscus, 822, 823%; C 
macer, 813; C. polymorphus, 822, 
823*; C. pseudo-polymorphus, 822 

Chamaesiphonaceae, 861 

Chamaesiphonales, 768, 769, 784, 
791, 819-22", 829, 858, 861, 863 

Chamaesiphonopsis, 822, 861; C. 
regularis, 823* 

Champia, 511, 514, 584, 678, 680-1*, 
682, 744; C. lumbricalis, 514, 678; 
C. parvula, 512 et seq.", 680%, 
681*, 728 

Champiaceae, 511-15, 676, 678-82, 
683, 729, 744 

Chantransia (syn.), 450, 456; C. 
Boweri (syn.), 625; C. chalybaea, 
456, 504; C. pygmaea, 456, 504 

Chantransia-stages of Nemalionales, 
455—7*, 624, 627 

Cheilosporum, 476, 741 

Chemotaxis, 803 

Een, 63, 140; C. Nathaliae, 

2 

Chlorobacteriaceae, 860 

Chlorochromatium, 861, 878; C. ag- 
gregatum, 878 

Chlorococcum, 874 

Chlorogloea, 812, 818-19*, 861; C. 
microcystoides, 818* 

Chloronium mirabile (syn.), 878 
Chlorophyceae, 4, 6, 12, 29, 30, 398, 
402, 407 et seq., 737, 864, 878 

Chlorophyll, 29, 405, 781, 782 

Chlorophyllase, 29 

Chlorophyta, 398 

Chnoospora, 19, 52, III, XI2*, 140; 
C. fastigiata, 112°; C. obtusangula, 
112* 

Chondria, 544, 554-69, 580, 591, 
606, 705, 707, 709, 717, 722, 746; 
C. caerulescens, 555*, 584, 585*; 
C. crassicaulis, $56; C. dasyphylla, 
11, 554 et seq.*, 707*, 710*; 
C. opuntioides (syn.), 556; C. tenuis- 
sima, 554 et seq.*, 707* 

Chondrieae, 554-6*, 746 - 

Chondriosomes, see Mitochondria 

Chondrus, 400, 404, 409, 410, Di 
497-500*, 591, 602, 669-72", 674, 
744; C. crispus, 1, 9, 75*, 400, 403*, 
407, 412, 497 et seq.*, 584, 594, 
595°, 671%, 672, 675* 

Chorda, 22, 58, x93, 219, 221-3", 
246 et seq., 251 et seq.; C. filum, 


D 
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10, 33, 34, IOI, 193, 221, 222*, 
245", 246"; C. Lomentaria (syn.), 
103; C. tomentosa, 193 

Chordaceae, 253; reproduction, 244 
et seq.; vegetative structure, 193, 
221-3* 

Chordaria, 22, 76, 82-5", 89, 140; 
C. abietina (syn.), 86; C. capensis 
(syn.), 95; C. Chordaria, 84*, 85; 
C. divaricata (syn.), 85; C. flagelli- 
formis, 33, 52, 82, 84*, 136 

Chordariaceae, 76 

Chordariales, 138, 139 

Chordariopsis, 94-5, 140; C. capensis, 
ou" 

Choreocolaceae, 580-2, 650-1*, 741 

Choreocolax, 580-2", 650-1*, 741; 
C. albus (syn.), 581; C. Cystoclonii, 
583; C. mirabilis (syn.), 581; C. 
pachyderma (syn.), 582; C. Poly- 
siphoniae, 581%, 651* 

Choreonema, 582—3, 646 et seq.*, 655, 
741; C. Thureti, 473*, 582, 649* 

Choristocarpaceae, 299, 300 

Choristocarpus, 156, 297-9*, 300; C. 
tenellus, 297, 298* 

Chromatic adaptation, in Myxo- 
phyceae, 783-6; in Rhodophyceae, 
408, 409 

Chromatin of Myxophyceae, 777-9", 
780 

Chromatium, 860 

Chromatophores, of Phaeophyceae, 
25 et seq.*, 262; of Rhodophyceae, 

. 402-5", 410, 423, 452, 453, 469, 
499, 607 

Chromatoplasm of Myxophyceae, 
770, 780-1, 790, 798 

Chromoproteins, 406 

Chromosome-numbers, in Florideae, 
607; in Phaeophyceae, 37 

Chroococcaceae, 814-17*, 820, 861 

Chroococcales, 768, 769, 770, 778, 
780, 784, 787, 788, 790 et seq., 
765, 796, 800, 804, 811, 812, 
814-19*, 820, 829, 856, 858, 861 
et seq., 865, 866, 870, 875 

Chroococcidiopsis, 820, 861; C. ther- 
malis, 810* ` 

Chroococcidium (syn.), 819, 820, 861 

Chroococcopsis, 826*, 861 ; C. gigantea, 
826* 

Chroococcus, 804, 814, 816, 819, 820, 
858, 861, 862; C. gelatinosus, 810"; 
C. limneticus, 804; C. macrococcus 
(syn.), 778; C. turgidus, 779, 778, 
794”, 815* 

Chroodactylon Wolleanum (syn.), 429 

Chroostipes linearis, 877* 

Chroothece, 427, 429, 430, 4385 C. 
mobilis, 428*, 429; C. Richterianunt, 
429 
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Chrysimenia, 515, 517, 677-8, 683, 
744; C. Agardhit, 517; C. clavel- 
losa (syn.), 515; C. microphysa, 
516", 517; C. pseudodichotoma, 
516%, 517, 676"; C. pyriformis, 517; 
C. uvaria, 512", 517; C. ventricosa, 
512*, 517, 603* 

Chrysomonadineae, 32 

Chrysophyceae, 2 

Chrysophyta, 398 

Chylocladıa, 511-14*, 515, 584, 678- 
9*, 681, 682, 722, 729, 744; C. 
articulata (syn.), 514; C. clavata 
(syn.), 514; C. clavellosa (syn.), 
515; C. kaliformis, 511 ct seq.*, 
584, 679*, 681*; C. mediterranea 
(syn.), 514; C. ovalis (syn.), 514, 
678; C. parvula (syn.), 514; C 
reflexa, 585* 

Chytridineae, 24, 584 

Cladochroa, 1x2, 140 

Cladophora, 408 

Cladophoraceae, 737 

Cladosiphon, 79, 80; C. balticus (syn.), 
114; C. decipiens (syn.), 90; C 
mediterraneus, 80 

Cladostephaceae, 300 

Cladostephus, 5, 27, 262 ct seq.*, 
300; C. spongiosus, 263, 290 et 
seq.*; C. verticillatus, 261*, 263, 
266, 269*, 270, 275-7", 278 et 
seq.", 282, 283, 289, 290*, 293, 
294—7* 

Cladothele (syn.), 101% 

Cladothrix, 860 

Classification, of Bangiales, 423, 438; 
of Ectocarpales, 139, 140; of 
Florideae, 737-47; of Fucales, 
381-2; of Laminariales, 253; of 
Myxophyceae, 769-70, 861-2; of 
Phaeophyceae, 40-2; of Rhodo- 
phyceae, 415-16; of Sphacelariales, 


300 

Clastidium, 820, 861; C. rivulare, 
820; C. setigerum, 823* 

Clathrocystis aeruginosa (syn.), 814 

Claudea, 539, 699, 716, 746; C. 
elegans, 539; C. multifida, 539, 
540* 

Chftonaea, 567-8*, 706, 709, 717, 
719, 747; C. Lamourouxii, 567*, 
568, 718*, 719; C. pectinata, 567*, 
68 


Climatic zones and geographical dis- 
tribution of seaweeds, 7-9 

Clonothrix fusca, 844. 

Cloud and distribution of seaweeds, 8 

Clump formation, 120, 121* 

Coccophora, 13, 323, 343-4, 369, 372, 
373, 382; C. imperata (syn.), 343; 
C. Langsdorfit, 342*; C. phyllam- 
phora (syn.), 343 


Codiolum, 95, 96* 

Codium, 5, 11, 21, 563; C. Bursa, 76 

Coelarthrum, 515, 517, 744; C. Al- 
bertisii, 512” 

Coeloclonium, 556, 746 

Coelomoron, 814, 861 

Coelosira, 729, 744 

Coelosphaerium, 772, 793, 804, 8x6- 
17%, 861; C. dubium, 817%; C. 
Naegelianum, 817* 

Coilodesme, 52, 115*, 117, 140; C. 
bulligera, 115*, 117; C. californica, 
Irs T17 

Colacodasya, 580, 747; C. incon- 
spicua, 580 

Colacolepis aggregatus (syn.), 735; 
C. incrustans (syn.), 674; C. peltae- 
formis (syu.), 732 : 

Colacor "na, 424, 431, 440, 453 

Colac nema Schmitz (syn.), 424, 582 

Col copsis, 424, 582, 717, 746; C. 
1 ılvinatum, 745* 

Col I-boreal seaweeds, 8 

Col. ochaete, 416, 599 

Coleodesmium (syn.), 844 

Collen’a, 875 

Coloni:l Myxophyceae, 814-17, 822, 


35 

Colonisation, 6, 384, 865, 870 

Colour-variations, of Myxophycene, 
783 et seq.; of seaweeds, 29, 407 

Colourless Myxophyceae, 871; Rho- 
dophyceae, 580 et seq. 

Colpomenia, 13, 27, 52, 109-11*, 137, 
140; C. sinuosa, 7, 109, t10*, 124 

Compensation point in seaweeds, 4, 
7, 408 

Competition, 6 

Compound procarp (of Gelidiales), 
62 

Compsonema, 63, 140 

Compsopogon, 58, 438-40"; C. aeru- 
ginosus, 439*; C. caeruleus, 439*; 
C. leptoclados, 438 

Compsothamnion, 520, 687, 689-91*, 
712, 729, 744; C. thuyoides, 690*, 


93 

Concave cells of Myxophyceae, 805%, 
806, 829 

Conceptacles, of Corallinaceae, 476, 
644-6*, 648-508; of Fucales, 322, 
324, 362-8* 

Conchocelis rosea, 439*, 440 

Conditions of life of seaweeds, 1 et 


seq. 
Conducting elements, 22, 186, 234, 
359, 484, 499, 525 . ; 
Congenital fusion, in Cutleriales, 
161; in Rhodomelaceae, 559-63, 
720 
Connecting filaments of Florideae, 
413, 600%, 601, 630, 657, 683 


58-2 
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Constantinea, 502, 652, 740; C. reni- 
formis (syn.), 502; C. Rosa marina, 
501* 

Coral-reefs and Melobesicae, 510-11 

Corallina, 2, 413, 472-6", 508, 509, 
582, 583, 606, 644 et seq.*, 655, 
741; C. mediterranea, 472, 474, 
476, 644 et seq.*, 654%, 722; C 
officinalis, 472 et seq.*, 645*; C. 
pumila, 473; C. rubens, 473 et scq.*, 
644, 645*, 722; C. squamata, 401, 
411, 474, 582; C. virgata, 645* 

Corallinaceae, 399, 400, 411, 504, 
731, 741, $66; sexual reproduc- 
tion, 592, 596, 597, 644-50* ; tetra- 
sporangia, 603, 653-5*; vegetative 
structure, 404, 444 ct seq., 449, 
472-6", 506-10*, 608 

Corallopsis Opuntia, 407 

Cordylecladia, 669, 674 

Coriophyllum, 505, 741 

Cortex, of Ectocarpales, 67, 72, 76, 
83; of Fucales, 356; of Lamina- 
riales, 226, 227, 236 

Cortication, in Phacophyceae, 22, 54, 
90, 183-4*, 189, 268-70*; in 
Rhodophyceae, 438, 455, 482, 518, 
525, 546, 552, 554, 501", 574 

Corycus, XOI, 140 

Corynophlaea, 73, 76, 140; C. um- 
bellata, 75* 

Corynophlacaccae, 71 

Corynospora (syn.), 729 

Costaria, 197, 221, 225, 235 ct scq., 
248, 250, 253, 254: C. costata, 

198*, 203*, 224*, 226, 245*; C. 
reticulata (syn.), 197 

Cottoniella, 722, 746 

Cover-cells (of Corallinaceae), 474, 
476, 507, 509, 583 

Craspedocarpus, 742; C. erosus, 743* 

Crenothrix, 860 

Crinalium, 832, 861; C. endophyticum, 

* 


33 

Croatella (syn.), 844 

Cross-connections, of Fucales, 358, 
360; of Laminariales, 227, 230*, 
234, 236 

Crouania, 457, 459, 522. 523, 685, 
691, 712, 714, 719, 720, 744; C. 
attenuata, 404, 457, 714, 731; 
C. Schoushoei (syn.), 457, 632 

Cruciate tetraspores, 603*, 604, 625, 
627, 652, 673-4, 682, 714 

Cruoria, 502, 504, 641-2*, 652, 741; 
C. pellita (Lynyb.) Fries, 503*, 
504, 641*, 654%; C. pellita Harv. 
(syn.), 504 

Cruoriaccae, 502, 504, 641-2", 652, 


741 
Crusviella (syn.), 503; C. Duby i (syn.), 
503 


Cruoriopsis, 644, 741 

Cryptarachne, 517 

Cryptoblasts (of Fucales), 324, 366- 
8*, 383 

Cryptonemia, 478, 635, 740; C. 
borealis, 635, 740; C. Lomation, 
740, 743* 

Cryptonemiales, 416, 722; classifica- 
tion, 740-1; reproduction, 601, 
603, 630-56, 725; vegetative struc- 
ture, 404, 412, 445, 449, 459-61, 
450 478, 482-4, 490, 502-11 

o 


Cryptophyceae, 20 

Cryptopleura, 401, 445, 536, 580, 
700-1, 716, 746; C. lacerata, 536, 
538*, 700* 

Cryptosiphonia, 482, 639, 652, 740; 
C. Woodii, 483*, 638, 641* 

Cryptozoon, 859 

Crystalloids, 411, 527, 583, 778, 787 

Crystals, 787 

Ctenosiphonia, 566, 746; C. hypnoides, 
565*, 566 

Cumagloea, 469, 610, 622, 740 

Curdiea, 742 

Cuticle of seaweeds, 226, 313, 358, 
399, 426, 512 

Cutin, 796 

Cutleria, 157 et seq.*; C. adspersa, 
157 et seq.*, 165 et seq.*, 170; 
C. monoica, 157, 159, 161, 167 et 
seq.*; C. multifida, 9, 157 ct seq.*, 
164 et seq.* 

Cutleriales, 37, 41, 138, 139, 155, 
157—71, 260, 319; reproduction, 
38, 16x et seq.*; vegetative struc- 
ture, 21, 23, 36, 159-61*, 163 

Cyanellae, 876-7* 

Cyanidium, 864 

Cyanochloridaceac, 860-1, 863, 878 

Cyanocystis (syn.), 819 

Cyanoderma, 878 

Cyanodermatium, 822 

Cranodictyon, 878 

Cyanophora, 876 

Cyanophyceae, 768; see also Myxo- 
phyceae 

Cyanophycin granules, 770-1, 775, 
787, 798, 807, 875, 876 

Cyanoplasts, 781 

Cyanoptyche, 876; C. Glococystis, 
877* 

Cyanostylon, 819, 861; C. cylindro- 
cellulare, 818* 

Cyeads and Anabaena, 769, 872-4 

Cyclosporeae, 41 

Cylindrocarpus, 76, 140; C. Berkley, 
765 C. microscopicus, 76, 116* 

Cylindrospermun, 797, 799, 800, 807, 
808, 836, 837, 861, 872; C. alato- 
sporum, 808, 809*; C. catenatum, 
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Cylindrospermum (cont.) 
836; C. licheniforme, 8o9*; C. 
muscicola, 797*, 809* 

Cymathere, x97, 235, 238, 244, 253; 
C. triplicata, 197, 198* 

Cymathereae, 253, 254 

Cystocarps, 616, 622, 666, 677, 678, 
686, 696, 703 

Cystoclonium, 399, 404, 484-6*, 489, 
502, 558, 588, 592, 663, 722, 728, 
742; C. armatum, 484; C. purpur- 
ascens (syn.), 484; C. purpureum, 8, 
403*, 484, 485*, 487*, 583, 588, 
589*, 603*, 6635, 664* 
Cystophora, 323, 334, 339, 382 
Cystophyllum, 323, 339, 374, 381, 
382; C. sisymbrioides, 368, 373 
Cystoseira, 5, 11, 24, 28, 60, 73, 323, 
332, 334-8", 347, 353, 359, 360,362, 
366, 368, 369, 370, 372, 373, 374, 
376, 377, 379, 381, 382, 388, 504; C. 
Abies-marina, 335; C. abrotanifolia, 
335,337 etseq.*, 368, 373; C.amen- 
tacea, 335; C. barbata, 336*, 337, 
364* ; C. canariensis, 334; C. crinita, 
335; C.ericoides, 57*, 337, 357*; C. 
fibrosa, 335; C. foeniculacea, 338, 
368, 371*, 373; C. granulata, 74*, 
335, 337; C. mediterranea, 337; 
C. Montagnei, 335, 337, 369; C. 
Myrica, 368; C. opuntioides, 336*, 
369; C. osmundacea, 334, 337; C. 
platyclada, 337; C. spinosa, 337 

Cystoseiraceae, 332-9, 382; repro- 
duction, 363, 305; vegetative struc- 
ture, 332-9*, 353, 350, 358 

Cystosphaera, 329, 381 ; C. Jacquinotii, 
329 

Cytoplasmic connections, see Plas- 
modesmae 


Dactylococcopsis, 787, 816, 861, 878; 
D. linearis, 815*, 816; D. mucicola, 
878; D. rhaphidioides, 815*, 816 

Dalmatella, 827, 861, 866; D. Buae- 
nensis, 828* 

Dasya, 572-4*, 709, 7X1-12*, 719, 
722, 747; D. arbuscula, 573*, 574, 
709; D. Berkleyi (syn.), 712; D 
Bulbochaete (syn.), 549; D. coc- 
cinea (syn.), 574; D. Delilei (syn.), 
480; D. elegans (syn.), 574; D. 
lophoclados (syn.), 550; D. ocellata, 
725, 727; D. pedicellata, 573*, 574, 
709, 711 et seq.*, 727 

Dasyaceae, 517, 720, 747; reproduc- 
tion, 793, 709, 711-12*, 719; 
vegetative structure, 572-8* 

Dasycladus, 12, 21 

Dasyopsis, 572, 574, 799, 71X-12, 
719, 747; D. plana, 575*; D. 
plumosa, 574, 575*, 711 
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Delamarea, x14, 140; D. attenuata, 
I14 

Delesseria, 408, 411, 529, 532-4*, 
604, 694-6*, 701, 714, 722, 746; 
D. alata (syn.), 531; D. frondosa 
(syn.), 529; D. Hypoglossum (syn.), 
529; D. Leprieurit (syn.), 531; D. 
-ruscifolia (syn.), 531; D. sanguinea, 
408, 412, 413%, 532 et seq.*, 538, 
603*, 605*, 606, 694, 695*, 701, 
702*, 714, 715*; D. sinuosa (syn.), 
534 

Delesseriaceac, 10, 517, 576, 584, 
720, 721, 746; germlings, 536, 
538; reproduction, 694-701*, 703, 
714-16" ; vegetative structure, 397, 
404, 444 ct seq., 449, 529-43*, 
590, 720 

Delesserieac, 529-34, 539, 694-9, 
714, 746 

Delophycean stage, 132 

Dendrymenia, 517, 744 

Dermocarpa, 780, 811-12, 813, 819- 
20, 822, 858, 861, 862; D. in- 
crassata, 810*, 812, 820; D. Leib- 
leiniae, 812; D. prasina, 810*, 812; 
D. protea, 813, 820, 825*; D. 
sphaerica, 812, 820, 825*; D. 
suffulta, 810*, 812 

Dermocarpaceae, 822, 861 

Dermonema, 478, 610, 614, 622, 740; 
D. gracile, 478, 611* 

Desiccation, see Drought-resistance 

Desmarestia, 10, 21, 22, 25, 34, 179, 
180 et seq.*, 408; D. aculeata, 180 
et seq.*, 190* ; D. anceps, 180, 182; 
D. compressa, 180, 182; D. her- 
bacea, 182; D. ligulata, 31, 18o 
et seq.*; D. tabacoides, 180; 
viridis, 25, 33, 180, 182, 187 

Desmarestiales, 4X, 49, 93, 138, 139, 
179, 180-91; reproduction, 38, 40, 
187-9*; vegetative structure, 21, 
23, 182—7* 

Desmonema, 844, 861; D. Wrangelit, 
796, 845* 

Desmosiphon, 806 

Desmotrichum, x00-1, 140; D. balti- 
cum, 100, 101; D. undulatum, 99 et 
seq.*, 136 

Dextrose, 33, 411 

Diaphototaxis, 803 

Diastase of Florideae, 411 

Diatoms, 42, 864, 874 

Dichosporangium repens (syn.), 107 

Dichothrix, 838-40*, 861, 875; D. 
gypsophila, 840; D. orsiniana, 839* 

Dichotomous branching, in Flori- 
deae, 471, 478, 496, 497, 525; in 
Myxophyceae, 824, 848; in Phaco- 
phyceae, 23, 277, 304, 310, 324 
327, 351 
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Dictyerpa, 305 
Dictymenia, 561, 746; D. Sonderi, 
+ 


745 

Dictyonema, 875 

Dictyoneuropsis, 197, 204, 253 

Dictyoneurum, 203-4, 238, 241, 253, 
254; D. californicum, 203* 

Dictyopteris, 302, 308-10*, 311, 
313, 315 et seq.; D. delicatula, 
309*, 310; D. membranacea, 308, 
309", 313; D. polypodioides (syn.), 
30 

Dictyosiphon, 22, 27, 112-14*, 140; 
D. Chordaria, 114, 137; D. foenicu- 
laceus, 52, 113*, 114, 130, 135*; 
D. hippuroides, 131 

Dictyosiphonaceae, 112-17*, 130, 
136, 138 et seq. 

Dictyosiphonales, 138, 139 

Dictyosphaeria favulosa, 12 

Dictyota, 25, 28, 29, 74*, 302-4*, 
305, 311, 313, 316, 317, 319, 408; 
D. atomaria (syn.), 307; 
Binghamiae, 304; D. ciliata, 304; 
D. dichotoma, 26*, 36*, 73, 302-4*, 
313, 314%, 316, 318 

Dictyotales, 9, 10, 19, 28, 37, 4t, 42, 
138, 154, 169, 260, 302-22; early 
development, 317-18; reproduc- 
tion, 38, 40, 311—17*; vegetative 
structure, 21, 23, 36, 302-10* 

Dictyotopsis, 320; D. propagulifera, 
320* 

Dictyurus, 574-6, 712, 719, 747; D. 
purpurascens, 574, 577* ; D. querci- 
folia (syn.), 576 

Diffuse growth, 54, 423, 426 

Digenea, 549, 746; D. simplex, 7, 11, 
547", 549 

Digitatae (sect. Laminaria), 196 

Dillisk (Rhodymenia palmata), 515 

Dilophus, 304 

Dd 490, 639, 740; D. edulis, 490, 


Di nt Florideae, 415, 602, 
6287 28—737; relation to haplobiontic 
forms, 626—7, 736—7 

Diplocolon (syn.), 844; D. Heppii 
(syn.), 845* 

Diploid forms, among Ectocarpales, 
128, 130, 137, 138; among Flori- 
deae, 725, 727 

Dipterosiphonia, 560, 561*, 563, 568, 
746; D. dendritica, 559*, 560; 
D. heteroclada, 559*, 560 

Disaccharides, 33 

Disc of Corallinaceous conceptacle, 
644, 646, 653 

Discontinuous distribution of sea- 
weeds, 10, 12 

Discosporangium, 299; D. mesarthro- 
carbu, GG = 
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Disphacella, 277, 300 

Dohrniella, 728 

Doliocatella, 854, 862; D. formosa, 
* 


Dorella, 740 

Dorsiventrality, 528, 551, 560, 566- 
72, 720 

Dothidella Laminariae, 24 

Doxodasya, 549, 550, 746; D. Bulbo- 
chaete, 549 

Drought-resistance, 1, 323, 326, 372, 
382-3, 398, 426, 483, 808, 866 

Dudresnaya, 457, 458*, 459, 638-9*, 
652, 740; D. coccinea, 459, 638*; 
D. crassa, 638; D. divaricata (syn.), 
469; D. purpurifera (syn.), 457, 

35 

Dulcitol, 411 

Dulse (Rhodymenia palmata), 515 

Dumontia, 404, 412, 413, 461, 602, 
639, 652, 740; D. filiformis (syn. ), 
461; D. incrassata, 400, 460*, 461, 
593*, 603*, 638, 640*, 727 

Dumontiaceae, 657, 740; reproduc- 
tion, 635, 637-9; vegetative struc- 
ture, 461, 482-3, 490 

Duration of life of seaweeds, 5, 196, 
207, 215, 326 

Deren 10, 323, 344—6*, 356, 358, 
362, 369, 370, 374, 380, „382; 
antarctica, 10, 344, 345*, 371"; 
D Harveyi, 346; D. potatorum, 
371*; D. utilis (syn.), 344 

Durvilleaceae, 323, 344-6, 382 

Dwarfing among seaweeds, 6, 384 
et seq. 


Early development, of Acrochaetium, 
452; of Ahnfeltia, 495; of Asco- 
phyllum, 327; of Bangiales, 426, 
435-6* ; of Batrachospermum, 455— 
7*; of Castagnea, 80; of Ceramia- 
ceaey 518, 520, 523, 527; of 
Champiaceae, 515; of Chondrus, 
499; of Chorda, 221-2*; of Colpo- 
menia, 111; of Corallina, 474-6*; 
of Cutleriales, 165; of Cysto- 
clonium, 486; of Cystoseira, 338; 
of Darya, 574; of Delesseriaceae, 
536, 538; of Desmarestia, 189; o 
Dictyotales, 317-18; of De 
naya, 459; of Ectocarpales, 50, 
134, 136; of Elachista, 68; of 
Florideae generally, 607-8; of 
Fucus, 324, 347-9"; of other 
Fucales, 346-9; of Gloeosiphonia, 
460-1*; of Gracilaria, 487-8"; of 
Laminaria, 195-6; of other Lami- 
nariales, 197, 201, 209, 219, 220, 
223-6"; of Leathesia, 73; 0 
Lemanea, 466-7*; of Macrocystis, 
209-119; of Mesogloeaceae, 77; 
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Early development (cont.) 
of Nemalion, 469; of Platoma, 
469-70"; of Plocamium, 492-3*; 
of Punctaria, 99-100*; of Rhodo- 
melaceae, 548, 563, 566, 568; of 
Rhodophyllis, 490; of Scytosiphon, 
103; of Sphacelariales, 294—7*; of 
Sporochnales, 174-6*; of Tilo- 
pteridales, 151 

Echinocaulon (syn.), 463 

Ecklonia, 8, 19, 218*, 253, 254; E. 
bicyclis (syn.), 218; E. buccinalis, 
216*, 218*, 254; E. maxima, 218 

Ecklonieae, 253 

Eclipsiophytes, 5 

Economic uses, of Myxophyceae, 
836, 865; of Phaeophyceae, 24, 
207, 215; of Rhodophyceae, 400, 
427, 486, 497, 510, 515 

Ectocarpaceae, 52-60, 71, 97, 139; 
reproduction, 40, 51, 126; vegeta- 
tive features, 20, 23, 50, 52-60* 

Ectocarpales, 5, 9, 19, 29, 37, 41, 42, 
49-148, 156, 169, 170, 190, 219, 
252, 260, 291, 299, 349, 380, 381; 
classification, 138-40; life-cycle, 
40, 51, 126-38; reproduction, 38, 
117-26; vegetative structure, 21 
et seq., 27, 28, 52-117 

Ectocarpus, 24, 27, 29, 50, 52-8*, 
118 et seq., 127 et seg, 139; 
E. aecidioides (syn.), 60; E. Bat- 
tersii, 56, 57* ; E. brachiatus (syn.), 
97; E. breviarticulatus, 53*, 54; 
E. chantransioides, 54; E. confer- 
voides, 27, 39*, 124; E. coniferus, 
55; E. criniger, 53*, 54; E. crinitus, 
149; E. cylindricus, 53*; E. de- 
formans, 58; E. elachistaeformis, 
56, 57*; E. faeroensis, 55; E. 
fasciculatus, 54; E geminatus 
(syn.) 55, 148, 151; E. globifer, 
120; E. granulosus, 54, 118; E. 
Hincksiae, 129; E. indicus, 124; 
E. investiens (syn.), 76; E. irregu- 
laris, 53*, 54, 55; E. Lebellii, 52, 
124; E. lucifugus, 54; E. luteolus, 
58; E. maculans, 57*, 58; E. 
Mertensii (syn.), 148; E. minimus, 
58; E. Mitchellae, 122, 123*, 129; 
E. ostendensis (syn.) 148; 
Padinae, 122, 123*; E. paradoxus, 
54; E. parasiticus,-58; E. pusillus 
(syn.), 120, 148; E. reptans, 39*; 
E. secundus, 122, 123%; E. silicu- 
losus, 7, 26*, 28, 32, 53*, 54, 116 
et seq.*, 127-9, 134; E. simplex, 
129; E. speciosus, 57; E. sphaero- 
phorus (syn.), 107; E. subcorym- 
bosus, 39*; E. tenellus (syn.), 297; 
E. terminalis (syn.), 61; E. tomen- 
tosus, 53%, 54, 118, 129, 132; 
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E. Valiantei, 57*, 58; E. velutinus, 
57*; E. Vidovichii (syn.), 148; 
E. virescens (syn.), 122 

Ectoplasts, 787 

Egregia, 218-20*, 225, 238, 247, 
250, 251, 253, 254; E. laevigata, 
219, 220%; E. Menziesii, 212*, 219- 
20* 

Egregieae, 253 

Eisenia, 216-18", 244, 247, 251, 253, 
254; E. arborea, 216—17*, 228*; 
E. bicyclis, 34, 218; E. Cokeri, 218, 


254 

Elachista, 5o, 52, 67—70*, 73, 85, 140, 
161; E. fucicola, 67, 68, 70, 137; 
E. intermedia, 68, 69*; E. lubrica, 
68, 69*; E. scutulata, 8, 67, 69*; 
E. stellaris, 69*, 70, 137; E. 
stellulata (syn.), 73 

Elachistaceae, 67—71*, 73, 76, 88, 
140, 169 

Eleutherospora (syn.), 653 

Embryospore, 118, 248 

Encoeliaceae, 52, 108-12*, 130, 140, 
219, 365, 381 

Encrusting seaweeds, 5, 60 et seq., 
159, 308, 502-11 

Encyothalia, 171, 173 

Endemic seaweeds, 10, 13, 323 

Endochite (of Fucales), 372 

Endocladia, 3, 407, 445, 482-4*, 634, 
653, 740, 744; E. muricata, 483* 

* 
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Endocladiaceae, 482-4*, 630, 634, 
656, 740 

Endogenous branching, 362, 531, 
546, 563, 566 

Endo e Myxophyceae, 827, 847, 

52, 

Endonema, 812-13, 820, 858, 861; 
E. moniliforme, 810* 

Endonemataceae, 861 

Endophytes, 24, 58, 60, 73, 89, 262, 
281, 424, 453, 578, 872 et seq. 

Endoplasts, 771 

Endosiphonia Thureti (syn.), 582 

Endospores of Myxophyceae, 780, 
799, 810-13", 819, 820, 827, 847 

Enteromorpha, 1, 7, 101, 408: E. 
compressa, 408 

Entonema, 58, 60 

Entophysalidaceae, 818-ı9*, 858, 861 

Entophysalis, 811, 818-19*, 861; E. 
granulosa, 818*, 819, 862 

Enzymes, 33, 411, 787, 800; see also 
Oxidases 

Ephebe, 875; E. lanata, 873* 

Epibiontic Myxophyceae, 878 

Epilithon, 507, 645 et seq.*, 653, 655, 
741; E. membranaceum, 506*, 507, 
647*, 654* 

Epineuron spirale (syn.), 572 
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Epiphytes, 3, 23, 60, 281, 427, 519, 
578, 587, 819, 824, 862- -3; of 
| Fucales, 54, 67, 73, 504, 548; of 
| Laminaria, 79, 101, 196, 504, 525, 
| 548; of Rhodophyceae, 97, 107, 108 
| Epiplasts, 776 
| Epymenia, 744 
| Erythrocladia, 424, 431. 438; E. 
subintegra, 425*, 432 
Erythroclonium, 486. 741 ; E. Mülleri, 
487* 
Erythropeltis, 423 
Erythrophyllum, 740 
Erythrotrichia, 397, 423-5*, 431, 
433-4, 438, 440; E. Boryana, 423; 
E. carnea, 424, 425*, 432*; E. 
ceramicola, 424; E. discigera, 423; 


E. obscura, 423 et seq.*, 432* 
Erythrotrichieae, 423 
Ethelia, 505, 741 
Eucapsis, 804, 816, 861; E. alpina, 
817* 


Eucheuma, 400, 74x ; E. speciosum, 400 
Eudesme, 79, 80, 140 

Euglenineae, 32 

Eulemanea, 464, 466, 612 

Euptilota, 525, 744 

Euptilota Cramer (syn.), 523 
Eusargassum, 341 

Euthora, 501, 634, 740; E. cristata, 


Soit, 634 

Euzoniella, 566-7, 747; E. adianti- 
formis, 565*, 566; E. incisa, 565*, 
566 


Evection, 54, 824 
Exochite (of Fucales), 372 
Exospores of Myxophyceae, 810*, 


813, 822 
Eye-spot, see Stigma 


Faeroes, seaweed vegetation of, 8, 9 

Falkenbergia, 549, 586", 587, 627, 
717; F. Hillebrandii, 586* 

Falkenbergiella, 566, 746 

False branching, in Bangiales, 427; 
in Myxophyceae, 795, 807, 838, 
839*, 842, 844 

Farlowia, 740 

Fats, 34, 304, 411, 430, 771, 786 

Fauchea, 515, 517, 677-8, 744; F. 
Fryeana, 516*, 676*, 677* 

“ Fertilisation, in Bangiales, 434; in 

| Cutleria, 163; in Dictyotales, 316; 

d Florideae, 596-9*; in Fucales, 

Rent of Myxophyceae, 769 

Fischera (syn.), 852 

Fischerella, 811, 852-4*, 862; F. 

major, 853*; F. mucicola, 853* 

v "ischerellopsis, it 862; F. Harrisii, 


Flavins, 29, 405 

Florideae, 9, 42, 196, 397, 398, 437, 
444—767, 782, 827; classification, 
415—16, 737-47; ecology, 2 et seq., 
453, 510, 578 ct seq.; life-cycle, 
599-602, 622-8, 722-37; repro- 
duction, 591—719; vegetative struc- 
ture, 21, 444-591 

Floridean starch, 398, 402, 403*, 
409-11, 423, 437, 607 

Floridose, 400 

Floridoside, 411 

Fluorescence of Myxophyceae, 781 

Foliose differentiation, in Phaeo- 
phyceae, 97 et Seq., 193 et seq., 
302 et seq.; in Rhodophyceae, 
397, 496-502, 529-43 

Food-reserves, of Myxophyceae, 770, 
786-7; of Phaeophyceac, 33; of 
Rhodophyceae, 409-11 

Fosliella, 506 

Fossil Myxophyceae, 
Phacophyceae, 42; 
511, 653 

Freshwater Phaeophyceae, 55, 58, 
67; Rhodophyceae, 398, 407, 423, 

_ 504, 737-40 

Fucaceae, 324-30, 349, 353, 356, 
359, 363, 376, 381 

Fucales, 12, 19, 25, 29, 33, 34, 35, 37, 
41, 95, 102, 251, 252, 322-96; 
apical growth, 349-54*; classifica- 
tion, 381-2; conceptacles, 362-8*; 
early development, 346-9*; eco- 
logy, 1, 4, 6, 24, 382-9; reproduc- 
tion, 38, 4o, 368-80*; vegetative 
structure, 215922296? 96, 324-62* 

Fucin, 24 

Fucodium gladiatum (syn.), 329 

Fucoidin, 24 

Fucosan, 29, 31; -cells, 55, 56*, 67, 
240; -vesicles, 26*,.28, 31-3, 60, 
244, 265, 304, 358, 376 

Fucose, 33 

Fucosterol, 29, 405 

Fucoxanthin, 25, 29, 30, 409 

Fucoxanthophyll, 29 

Fucus, 1, 22, 24, 25, 27, 29, 35, 67, 
129, 323, 324-6*, 330, 347 et seq., 
356 et seq.*, 363, 366 et seq.*, 
381, 548; F. Areschougii (syn.), 
326; F. axillaris, 326; F. balticus, 
385, 388; F. ceranoides, 324, 326, 
365, 379, 383, 387; F. dichotomus, 
324; F. edentatus, 326; F. evanes- 
cens, 3, 31, 326, 383; F. Jurcani, 
350*, 368; F. inflatus, 326, dcs! 
388; F. lutarius, 36*, 385, 386* 
387; F. Mytili, 387; F. plaıy- 
carpus (syn.), 324, 326; F. serratus, 

5, 7, 32, 33, 324, 325%, 326, 362, 

364*, 367*, 375*, 377, 379, po 


859, 862, 868; 
Khodophyceae, 
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Fucus (cont.) 

383, 387, 388; F. spiralis, 2, 324, 
326, 363, 367*, 308, 375*, 379, 382, 
386*, 387; F. spiralis var. platy- 
carpus, 325*, 326; F. vesiculosus, 
7,9, 10, 26%, 33, 36", 324 et seq.*, 
331*, 348*, 350*, 360, 361, 366, 
367*, 371*, 375", 378*, 379, 382, 
383, 388, 408; F. virsoides, 8, 326; 
F. volubilis, 385, 387 

Fucus, salt-marsh forms of, 366, 
384*, 385-7* 

Fungal parasites, of Florideac, 584; 
of Myxophyceae, 875; of Phaeo- 
phyceac, 24, 327, 335 

Furcellaria, 404, 412, 444, 476-8*, 
590, 657, 659-60*, 674, 741; F. 
fastigiata, 8, 400, 411, 476, 477*, 
591, 594, 595*, 657,659*, 675*, 725 

Furcellariaceac, 496, 741 

Fuxochlorin, 796 

Fuxorhodin, 796 


Galactose, 400 

Galaxaura, 12, 400, 471-2, 620, 622, 
625, 740; G. adriatica, 626; G. 
corymbifera, 471; G. lapidescens, 


473 

Galls of Florideae, 583-4 

Gametangia, of Cutleriales, 38, 161- 
3*; of Ectocarpales, 38, 51, 119, 
121, 122, 126; of Sphacelariales, 
38, 289, 293; of "lilopteridales, 
153, 155 

Gametophytes, of Cutleria, 157 ct 
seq.*; of Desmarestiales, 187-9*; 
of Ectocarpales, 51, 118, 119, 127, 
130, 133, 135*; of Laminariales, 
247-51*; of Phaeophyceae gener- 
ally, 21, 38, 4o; of Sporochnales, 
171, 177-9* 

Gas-vacuoles of Myxophyceae, 772; 
see also Pseudo-vacuoles 

Gastroclonium, 514, 584, 678-9*, 
681, 682, 744; G. clavatum, 514, 
584; G. kaliforme (syn.), 511; G 
ovale, 514, 679*, 681*, 682* 

Gattya, 744, 745 

Gelidiaceae, 740 

Gelidiales, 416, 740, 742; reproduc- 
tion, 628-30*; vegetative struc- 
ture, 412, 461-3* 

Gelidiella, 463, 630, 740. 

Gelidium, 2, 399, 400, 46x-3*, 628- 
30*, 740; G. cartilagineum, 463*, 
628, 629*; G. crinale, 463*; G 
latifolium, 461; G. pusillum, 463 

Gelidocolax, 582 S 

Geloses of Florideae, 400 

Geminocarpus, 52, 55, 139; G. gemi- 
natus, 130 

Genicula (of Corallina), 474 
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Genotypic sex-determination, 248, 
318, 592 

Geographical distribution, 7-13: of 
Desmarestiales, 180; of Dictyo- 
tales, 302; of Ectocarpales, 51-2; 
of Fucales, 323, 381; of Lamina- 
riales, 253-4; of Myxophyceac, 
863; of Sphacelariales, 263; of 
Sporochnales, 171-3 

Geosiplion, 877 

Germination of spores, in Bangiales, 
435: in Dietyotales, 317-18; 1n 
Ectocarpales, 118; in Floridcae, 
445, 452, 455, 607-8; in Fucales, 
346-7; in Myxophyccae, 808-9, 
811; in ‘Tilopteridales, 151; see 
also Early development 

Giffordia, 121 

Gigartina, 192*, 398, 400, 409, 499, 
591, 660, 669-72", 674, 744; C. 
acicularis, 499; G. californica, 674; 
G. Harveyana, 408; G. mamillosa 
(syn.), 497; G. radula, 10; G. 
stellata, 2, 8, 400, 407, 497 et 
seq.*, 672, 724; G. Teedii, 499, 
670 et seq.* 

Gigartinaceae, 496, 634, 669, 744; 
reproduction, 669—72, 674; vegeta- 
tive structure, 397, 4--b 449, 497- 
501* 

Gigartinales, 9, 416, 634, 722, 728; 
classification, 741-4; reproduc- 
tion, 592, 601, 603, 656-74*, 725, 
731-6*; vegetative structure, 412, 
445, 449, 476-8*, 484-502*, 608 

Ginnania furcellata (syn.), 471 

Giraudya, 71-2*, 138, 140; G. 
sphacelarioides, 72*, 124 

Gircanella, 859 : 

Glacial epochs and seaweed distribu- 
tion, 10, II 

Glaucocystis, 875 

Gloeocapsa, 793, 795, 796, 804, 811, 
812, 814-15*, 816, 819, 861, 873*, 


875; G. alpina, 865, 875; G. 
crepidinum, 820, 862; G. montana, 
784, 815* 


Gloeocapsidium (syn.), 820 

Gloeocapsin, 796 

Gloeocapsomorpha, 862 

Gloeochaete, 875 

Gloeopeltis, 482-4*, 634, 652, 740; 

capillaris, 483; G. furcata, 

483*, 631* 

Gloeosaccion, 517, 744 

Gloeosiphonia, 412, 445, 457: 45961, 
630-2*, 634, 635, 639, 640, 740; 
G. capillaris, 448*, 459, 460%, 631°, 


725 

Gloeosiphoniaceae, 656, 740; repro- 
duction, 630-3; vegetative struc- 
ture, 457, 459-61* 
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Glocothamnion (syn.), 528 

Gloeothece, 804, 8x4-x5*, 861; G. 
confluens, 815*; G. linearis, 800, 
815* 

Gloeotrichia, 772, 795, 808, 837, 
840-1*, 861; G. echinulata, 841*; 
G. intermedia, 779*; G. natans, 
8o9*; G. Pilgeri, 799; G. Pisum, 
841* 

Glossophora, 313 

Glucose, 400 

Glycogen, 768, 780, 786 

Gobia baltica (syn.), 114, 115* 

Gomontiella, 832, 861; G. subtubulosa, 
833* 

Gomphosphaeria, 812, 816-17", 861, 
878; G. aponina, 790, 817*; G. 
lacustris, 817* 


Gonidia, of Bangiales, 431; of 


Myxophyceae, 811, 813; see also 
Endospores and Exospores 
Gonimoblast, 413, 415, 447, 599, 
601, 602, 610, 614, 630, 665, 703, 
709; -initial, 610, 614, 619, 632, 
637, 641, 648, 657 
Gonimolobes, 635, 678, 685 
Gonimophyllum, 580, 701, 729, 746; 
G. Skottsbergit, 730* 
Goniolithon frutescens, 511 
Goniotrichum, 427, 431, 438; G. 
Alsidii, 427; G. cornu cervi, 427; 
G. dichotomum (syn), 427; G. 
elegans, 427, 428*; G. Humphreyi, 
427; G. ramosum (syn.), 429 
Gonodia (syn.), 72 
Gontrania, 80, 140 
Gracilaria, 76, 399, 400, 486-8*, 
489, 582, 591, 668-9*, 674, 728, 
742; G. armata, 11; G. compressa, 
488*, 669; G. confervoides, 7, 9, 
486, 488*, 489*, 582, 668*, 669; 
G. dura, 403* ; G. lacinulata (syn.), 
487; G. lichenoides, 400; G. multi- 
partita, 487; G. purpurascens (syn.), 
484; G. Sjóstedtii, 668* 
Gracilariaceae, 583, 742; reproduc- 
tion, 668-9: vegetative structure, 
486-8 
Gracilariophila, $82 
Grania (sect. Acrochaetium), 453 
Grateloupia, 4 eom 740; G. dicho- 
toma, 478, G. filicina, 478, 
479%, 635, CA 
Grateloupiaceae, 583, 657, 740; re- 
production, 635, 639; vegetative 
structure, 478 
Green Algae, see Chlorophyceae 
Griffithsia, 399, 403", 405, 411 et 
» 447, 520-2*, 588, 590, 592, 
, 691, 694, a 722, re 
G. Bornetiana (syn.) L GEI 
corallina, 520 et seq.*, 598*, 6 


686 et seq.*, 693"; G. corallinoides 
(syn.), 522; 1G: equisetifolia (syn.), 
5225 G; flosculosa (syn.), 522; G. 
globifera, 413, 521*, 522, 606, 687, 
693*, 713*, 723, 727; G. opun- 
tioides, 607; zi pacifica, 713*; 
G. secundiflora (syn.), 522; G. 
setacea, 448*, 522, 686 

Grinnellia, 53x, 696—7*, 70x, 714, 
746; G. americana, 531, 532", 
697*, 702*, 715* 

Group-orientation (Fucales), 347 

Growth of seaweeds, conditions af- 
fecting, 1 et seq., 253, 382, 407, 511 

Guignardia, 24 

Gulf-weed (Sargassum), 388 

Gulsonia, 737, 738 

Gunnera and Nostoc, 872-4 

Gymnogongrus, 400, 495, 732, 734— 5^ 
744; G. Griffithsiae, 495, 734-5", 
736; G. linearis, 735; G. norvegicus, 
495, 498%, 732; G. platyphyllus, 
735; G. plicatus (syn.), 494 

Gymnosurus, 308 


Hairs, of Corallinaceae, 474, 507; of 
Dictyotales, 304 et seq.*, 311; o 
Ectocarpales, so, 54, 61, 67, 73, 
8o, 111; of Florideae, 449-50, 
455, 488*, 520, 722; of Fucales, 
348, 365; 366; of Laminariales, 
237; of Phacophyceae generally, 
23, 32; of Rivulariaceae, 772, 837; 
of Sphacelariales, 262, 271-3*, 
274, 277 

Halarachnion, 496, 660, 724, 741; 
H. ligulatum, 496, 657, 661* 

Halidrys, 22, 24, 73, 323, 332, 339, 
353, 358 et seq., 363, 366, 376, 
377, 379, 382; FH. dioica, 332 
369; H. osmundacea (syn.), 337; 
H. siliquosa, 9, 33, 332, 333", 352* 
353, 369, 383 

Halimeda, 5; H. Tuna, x1 

ene om 576; H. mirabile, 576, 


Halopithys, 569—70*, 572, 591, 747; 
H. pinastroides, 569* 

Haloplegma, 744, 746; H. Preissii, 
745* 

Halopteris, 35, 262 et seq.*, 300; 
H. filicina, 261 et seq.*, 272", 274, 
275, 287, 288*, 291 et seq. ; H. 
funicularis, 10, 263, 270, 272*, 274, 
287, 288*, 293; H. hordacea, 262, 
268, 270, 287, 293, 294; 
scoparia, 36*, 261 et seq.*, 266 
et seq.*, Sg 274, 270, 281, 285, 
287, 288*, 291 et seq., 294, 295% 

Halorhiza, 93, 140; H. vaga, 94 

Halosaccion ramentaceum, 8, 517 

Halothrix, 71, 140; H. lumbricalis, 70° 
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Halurus, 522, 687, 691, 694, 744; 
H. equisetifolius, 522 

Halymenia, 478, 635, 740; H. Dubyi 
(syn.), 496; H. ligulata (syn.), 496; 
H. saccata (syn.), 515 

Halyseris (syn.), 302, 308 

Hammatoidea, 837, 861; H. Nor- 
manni, 838* 

Handeliella, 846, 861 

Hapalosiphon, 811, 846, 852-4*, 856, 
862; H. Braunii, 796; H. hibernicus, 
853*; H. laminosus (syn.), 854 

Haplobiontic Florideac, 415, 416, 
599, 608-28, 640; relation to diplo- 
biontic forms, 626-7, 736-7 

Baap sg 85, 140; H. Kuckuckit, 


4 

Haplospora, 28, 148 et seq.*; H. 
globosa, 148, 150*, 152 et seq.* 

Haplostichous Ectocarpales, 60-96, 
140 

Haptera, of Laminariales, 194%, 195, 
243, 244; of Florideae, 484, 492, 
551*, 552, 568 

Hapterophycus, 87, 137, 140; H. 
canaliculatus, 136 

Haraldia, 536, 746 

Harveyella, 580-2", 650-1*, 727, 
741; H. mirabilis, 581%, 582, 651*, 
652; H. pachyderma (syn.), 581, 
650 

Hecatonema, 61, 63, 140; H. maculans, 
60, 62*; H. terminalis, 27, 60, 61 

Hedophylleae, 253, 254 

Hedophyllum, 200, 201*, 217, 253, 
254; H. sessile, 200, 201*; 
spirale, 200; H. subsessile, 200, 
201* 

Helicothamnion scorpioides (syn.), 551 

Helminthocladia, 89, 402, 471, 610- 
12", 624, 736, 740; H. Calvadosii, 
469, 470%, 595%, 611", 612; H. 
Hudsoni Batt. (syn.), 469; H. 
Hudsoni J.Ag., 627, 736; H. Papen- 
fussii, 612; H. purpurea (syn.), 469 

Helminthocladiaceae, 740; repro- 
duction, 612—16*, 622; vegetative 
structure, 468-71* 

Helminthora, 471, 6x4, 616, 623, 
740; H. divaricata, 469, 470*, 
598*, 614, 615", 624* 

Hemiblastic branching of Sphacela- 
riales, 271, 274, 275 

Hemicelluloses, 788 

Hemicryptophytes, 5 

Hemineura, 694, 746; H. frondosa, 

29 

Ee 5 

Hennedya, 742 

Henware (Alaria esculenta), 213 

Heribaudiella, 19, 67, 119, 140, 504; 
H. fluviatilis, 64* 


Heringia, 742 

Herpochondria, 720-1, 746 

Herposiphonia, 560, 561*, 705, 707, 
717, 746; H. secunda, 559*, 560, 
718"; H. tenella, 559*, 560 

Herposiphonieae, 558, 560, 563, 566, 
746 

Herpothamnion hermaphroditum (syn.), 
520; H. Turneri (syn.), 520 

Herpyzonema, 813, 846—7*, 861, 863; 
H. intermedia, 847* 

Hesperophycus, 326, 372; H. Harvey- 
anus, 371* 

Heteroblasty, 132 

Heterochordaria, 37, 52, 86, 89, 120, 
140; H. abietina, 84*, 86, 127, 130 

Heterocysts, of Corallinaceae, 507; 
of Myxophyceae, 769, 793, 796- 
800*, 807, 829, 850, 856, 858 

Heterogeneratae, 138 

Heteromorphic alternation, 40; in 
Cutleria, 21, 163, x69, 170; in 
Ectocarpales, 51, 127, 130-6; in 
other Phaeophyceae, 171, 252 

Heterosiphonia, 572-4*, 580, 709, 
712, 719, 747; H. Berkleyi, 574, 
712; H. coccinea (syn.), 574; H. 
plumosa, 401, 448*, 574, 575*, 
712; H. Wurdemanni, 575* 

Heterospora (syn.), 148, 149; H. 
Vidovichii (syn.), 149 

Heterotrichous filament, in Myxo- 
phyceae, 848 et seq.*; in Phaeo- 
phyceae, 20, 52; in Rhodophyceae, 
397, 423, 450 

Heterotrichy, in Myxophyceae, 769, 
822, 848, 852, 858; in Phaeo- 
phyceae, 20, 21, 50, 77, 97, 127, 
134, 149, 169, 191, 248, 260; in 
Rhodophyceae, 397, 426, 438, 445. 
479, 502 . Nr 

Heterotrophic nutrition in Myxo- 
phyceae, 870-1, 874 

Hildenbrandia, 2, 5, 398, 404, 504, 
655-6*, 725, 741; H. Crouani, 
656*; H. prototypus, 504, 656*; 
H. rivularis, 503*, 504 

Himanthalia, 34, 67, 323, 331-2, 
353 et seq., 358, 359, 365, 366, 
368, 372, 382, 384; H. lorea, 330%, 
331%, 357", 364%, 371* 

Himanthaliaceae, 382 

Hirome, 215, 216%, 253 

Holdfasts, of Florideae, 484, 492, 
551", 552, 568; of Fucales, 322, 
332, 335, 359; of Laminariales, 
192, 193, 104*, 209, 220; see also 
Attachment systems, Haptera 

Holmsella, 582, 650, 652; H. pachy- 
derma, 582, 652*, 669 

Holoblastic branching of Sphace- 
lariales, 273-5, 277, 285 
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Holopedia, 800, 804, 816, 861; H. 
irregularis, 817* 

Homoeothrix, 840, 861; H. juliana, 
839*; II. varians, 840 

Hormactis Balani (syn.), 846 

Hormathonema, 827, 861, 866; H. 
paulocellulare, 828* 

Hormocysts, 805*, 807, 811, 845* 

Hormogoneae, 769, 770, 829, 848, 
858 

Hormogonia, 768, 774*, 787, 800, 
801, 804—7*, 829; of Nostocaceae, 
798, 799, 807, 811, 836, 872; of 
Oscillatoriaceae, 791, 831; of Rivu- 
lariaceae, 837; of Scytonemataceae, 
807, 844; of Stigonematales, 848, 
852, 856 

Hormosira, 323, 344, 354, 369, 370, 
382; H. Banksit, 345*, 355* 

Hormosiraceae, 323, 344, 382 

Hormospora ramosa (syn.), 429 

Hormothamnion, 836, 861, 863 

Hot springs, Algae of, 769, 854, 864, 
868 

Hybridisation in Fucales, 325*, 379, 


380 
Hydroclathrus, 19, 52, xxx, 140; H. 
cancellatus, 11, 110%, 111 
Hydrocoleus, 831-2, 861; H. gluti- 
nosus, 782; H. lyngbyaceus, 795 
Hydrocoryne, 844, 861 
Hydrogen-ion concentration and sca- 
weeds, 3 


Hydrolapathum sanguineum (syn.), ` 


532 

Hyella, 788, 8267, 861, 866; H. 
Balani, 827; H. caespitosa, 827, 
828* 

Hyellaceae, 861 

Hymenocladia, 683, 744 

Hymenoclonium serpens, 627 

Hyphae, 22; in Desmarestiales, 182, 
185, 186; in Ectocarpales, 82, 83, 
85, 93, 114; in Florideac, 446, 460, 
478, 514, 533, 548, 616; in Fucales, 
358-9; in Laminariales, 223, 229, 


236 

Hyphomorpha, 848, 861; H. Antil- 
larum, 849*; H. Perrieri, 848 

Hypnea, 400, 486, 588, 663, 665-6, 
669, 742; H. musciformis, 7, 11, 
486, 487*, 588, 589*, 663, 667*; 
H. purpurascens (syn.), 484 

Hypneaceae, 742; reproduction, 665- 
6: vegetative structure, 486, 588 

Hypnophytes, 5 

Hypoglossum, 529-31*, 696, 701, 716, 
746; II. Leprieurit (syn.) 531; 
H. Woodwardii, 529, 530*, 697*, 


5 
Hypothallium of Corallinaceae, 508, 
510 - 


Ice, effect on littoral seaweeds, 3, 253 

Ilea, 103, 140 

Implicaria, 540 

Inactis, 832 

Incipient nucleus, 780 

Incrustation with calcium carbonate, 
see Calcification 

Indo-Pacific seaweeds, 9, 11, 12 

Inner investment of Myxophyceae, 
787, 788, 797, 807 

Insolation, effect on seaweeds, 2, 28, 
382, 407 

Intercalary growth,, in Florideae, 
507-8, 529, 535-6; in Laminariales, 
192, 193, 195, 203, 211, 221, 223, 
231, 236, 237; in Sporochnales, 
173-4;scealso Trichothallic growth 

Intercalary heterocysts, 797-8 

Interrelationships, of Ceramiales, 
719-22; of Myxophyceae, 856-9 

Introduction of seaweeds, 13, 109, 
480, 520 

Iodide oxidases, 35 

lodine, in Florideae, 410, 412, 586-7; 
in Phaeophyceae 25, 34, 35 

Iridaea, 400, 405, 411, 672, 744; 
I. cordata, 10, 743*, 744; I. edulis 
(syn.), 490: J. laminarioides (syn.), 
744; I. micans (syn.), 744 

Iridescence, in Florideae, 584-5; in 
Phacophyceae, 28, 304, 334 

Iridophycus (syn.), 744 

Irish Moss (Chondrus crispus), 497 

Iron-Bacteria, 860, 869 

Iron-deposition, in Myxophyceae, 
819, 869; in Phaeophyceae, 25; in 
Rhodophyceae, 401 

Tsocystis, 800, 835, 861 

Isogamy, 51, 120, 291 

Isogeneratae, 138 

Isomorphic alternation, 40, 260; in 
Cutleriales, 169, 170; in Dictyo- 
tales, 302, 318; in Ectocarpales, 
51, 127-30; in Florideae, 602, 722, 
724, 737; in Sphacelariales, 291, 
299; in Tilopteridales, 154, 155 

I.thmoploea, 107, 140; J. sphaero- 
phora, 105*, 107 

Iyengaria, 111, 140; I. stellata, 111 


Janczewskia, 578, 580, 707, 746; 
J. tasmanica, 580; J. verrucae- 
formis, 579*, 580 

Jania, 473, 474, 476; J. pumila, 473; 
J. rubens, 473* 

Japan, algal flora, 9, 13; Florideae 
of, 539, 540, 741, 744; Phaco- 
phyceae of, 90, 196, 254, 323, 339 

Juvenile stages, of Cutleria, 165-8*; 
of Ectocarpales, 134, 136; of 
Florideae, 457; sec also Early 
development 
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Katagnymene, 829, 861, 862; K. 
palustris, 833* 

Kjellmania sorifera (syn.), 101 

Kützingia, 571-2, 747; K. canali- 
culata, 569* 

Kylinia, 452, 608, 737 

Kyliniella, 424, 438; K. latvica, 

= 


425 
Kyrtuthrix, 846-7*, 861, 866; K. 
dalmatica, 847* 


Laboulbeniales and Rhodophyceae, 
417 

Lakes, algal vegetation of, 398, 455, 
466, 504, 824 

Lamina (of Laminariales), 19251225; 
renewal of, 194*, 195, 196, 215, 
232, 24I, 356; structure of, 235-8 

Laminaria, 22 et seq., 29, 31, 33 et 
Seq., X92 et seq.*, 221, 226, 228* 
229, 232, 235 et seq., 240, 241, 
244, 247, 250, 251, 253, 383; 
L. Agardhit, 238; L. Andersonii, 
194*; L. apoda (syn.), 200; T 
Cloustoni, 8, 34, 192*, 194*, 196, 
221, 233", 238 et seq.*, 242%, 243, 
247, 248, 251, 281, 504; L. digitata, 
7, 24, 192*, 194*, 196, 224", 230*, 
238, 245*, 247, 249*; L. ephemera, 
196; L. Fascia (syn), 103; L. 
flexicaulis (syn.), 196; L. gyrata, 
195; L. hyperborea (syn. ) 196; 
L. japonica, 195; L. Lejolisii, 226, 
238, 253; L. longicruris, 195; L. 
longipes, 196; L. pallida, 8, 253; 
L. Peterseniana, PGR ER religiosa, 
195, 250; L. Rodriguezii, 13, 194*, 
196, 253; L. saccharina, 8, 34, 39*, 
193-5", 221, 233", 234, 238, 247, 
YO AD IE sessilis (syn.), 200; 
L: Sinclairii, 194*, 196, 241, 254; 
LT. solidungula, 195; L. triplicata 
(syn-), 197 

Laminariaceae, 193-202, 219, 253 

Laminariales, 4, 7, 21, 23 et seq., 31, 
33 et seq., 37, 41, 96, 139, 179, 
190, 192-260, 322, 346, 355, 380; 
anatomical structure, 22, 221-44*; 
classification, 253; early develop- 
ment, 223-6; external morpho- 
logy, 193-221*; gametophytes, 
247-51*; geographical distribu- 
tion, 9, 10, 12, 253-4; reproduc- 
tion, 38, 40, 244-51*, 380 

Laminarieae, 253 

Laminarin, 32, 33 

Laminariose, 33 

Landsburgia, 323, 339, 382; L. querci- 
folia, 342* 

Lauren 398, 399: 499, 413, 554, 
557-8", 578, 580, 584, 705, 707, 
709, 716, 717, 722, 746; L. dasy- 


Faii 


phylla (syn.), 556; L. hybrida, 
331", 605", 727; L. obtusa, 557*, 
558, 709, 710%; L. papillosa, 557°; 
L. pinnatifida, 2, 2,557", 558, 
605*, 703, 709, 710*; L. tenuissima 
(syn.), 556; L. virgata, 588 

Laufenden 746 

Laver (Porphyra), 427 

Leathesia, 21, 50, 73, 75*, 76, 82, 
140; L. Berkley: (syn.), 76; L. 
crispa, 73; L. difformis, 9, 73, 75*, 
76, 131, 1 36 

Leathesiaceae, 71-6*, 87, 90, 140 

Lejolisia, 720, 744; L. mediterranea, 
720, 721* 

Lemanea, 398, 404, 407, 411, 413, 
463-6*, Aas 612, 613*, 622, 624, 
627, 738; L. annulata, 466, 467%, 
613*; T australis, 465*, 613*; 
L. fluviatilis, 465*, 466, 613*; iL, 
fucina, 466; L. mamillosa, 466, 
467*, 613*; 5. nodosa, 465*, 613*; 
L. parvula, 466; L. torulosa, 466 

Lemaneaceae, 738; reproduction, 
612-13*; vegetative structure, 463— 


7 
Lempholemma chalazanum, 873*, 875 
Lenormandia, 570, 747; L. marginata, 
570, 571* A 
Leptocaulous Sphacelariales, 265, 


268 

Leptochaete, 840, 861; L. marina, 
839* 

Leptonema, 70, 71, 140; L. fascicu- 
latum, 70*; L. lucifugum, 71 

Leptopogon, 854, 862 

Lessoma, 10, 19, 203, 204-5", 232, 
240, 253, 254; L. flavicans, 204, 
205*, 208%, 254; L. fuscescens 
(syn.), 204; L. laminariaeoides, 
204, 254; L. littoralis (syn.), 213; 
L. ngrescens, 204, 205*, 254; 
L. ovata (syn.), 204; L. simulans 
(syn.), 216 

Lessoniaceae, 203-13*, 219, 253 

Lessonieae, 253, 254 

Lessoniopseae, 253 

Lessoniopsis, 213, 231, 232, 235, 241, 
253, 254; L. littoralis, 214*, 228* 

en 410, 433, 499, 544, 


Ban, 568, 706, 709, 719, 720, 
747; L. jungermannioides, 568, 
569%, 707*, 710*, 718° 

Levringia, 85 

Liagora, 400, 402, 469, 471, 614, 
624, 736, 740; L. tetrasporifera, 
dë 626*, 627, 736; L. valida, 


Tichene and Myxophyceae, 769, 875 
Lichina, 2 
JUPE ES 77 


6c 
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Life-cycle, of Bangiales, 435-6; of 
Cutleria, 165-9; of Dictyotales, 
318-19; of Ectocarpales, 51, 126- 
38; of Florideae, 622-7, 722-37; of 
Fucales, 322, 380; of Laminariales, 
192, 247, 252; of Phaeophyceae 
generally, 40; of Sphacclariales, 
291-4; of Sporochnales, 171, 177; 
of Tilopteridales, 153-6 

Life-forms of seaweeds, 5 

Light, and akinete-germination in 
Myxophyceae, 808; and distribu- 
tion of seaweeds, 4, 8, 407; and 
movements of Myxophyceae, 800, 
801, 803; and thallus-organisation, 
225, 307, 346, 347, 397, 522, 607; 
and zonation of seaweeds, 3, 383 

Light, influence of composition and 
intensity on colour of Florideae, 
407; of Myxophyceae, 784, 786, 
‚792, 796 r 

Light-absorption, in Phaeophyceae, 
31; in Rhodophyceae, 409 

Light-reflecting bodies, 357*, 471, 
‚514, 584-5* 

Lime-boring Algae, 440, 511, 769, 
866-8 

Lime, deposition of, 769, 865-9. See 
also Calcification 

Limestone cliffs, algal vegetation of, 

6 

Lithoderma, 23, 27, 65, 66, 119, 120, 
130, 140; L. extensum (syn.), 66; 
L. fatiscens, 26*, 65*, 66*, 121" 

Lithodora, 67 

Lithomyxa, 869; L. calcigena, 867* 

Lithophyllum, 507-10*, 591, 597, 
644 et seq.*, 653, 655, 741; L 
expansum, 508, 509*, 591, 646, 
654%; L. Gardineri, 511; L. in- 
crustans, 508, 655; L. lichenoides 
(syn.), 508; L. orbiculatum, 508; 
L. racemus, 591; L. tortuosum, 510 

Lithophytes, 6, 19, 23, 55, 192, 484, 
486, 494, 496, 507, 548, 552, 558, 
824, 863 

Lithothamnion, 507-10*, 511, 591, 
644 et seq.*, 653, 655, 741; L 
calcareum, 508, 510, 591; L. coral- 
loides (syn.), 591; L. crassum (syn.), 
591; L. glaciale, 508; L. Lenor- 
mandi, 648; L. lichenoides, 251, 
508, 500%, 654*; L. membranaceum 
(syn.), 507; L. Mülleri, 509%; L. 
norvegicum, 509%; L. Pate:'a, 508; 
L. polymorphum, 508, 510, 655 

Lithothamnium (syn.), 507 

Litosiphon, 101, 102%, 112, 140, 252; 
L. filiformis, 101, 102*; L. pusillus, 
101, 102®, 131, 132, 134 et seq.* 

Littoral region, 1-3, 382, 407, 862; 
of Baltic, 3 


Lobospira, 302, 310 

Loefgrenia, 852, 862 

Loefgreniaceae, 862 

Lomentaria, 398, 511, 514, 515, 678- 
9*, 681 et seq., 725, 744; L. articu- 
lata, 2, 512*, 514 et seq.*, 679°; 
L. clavata (syn.), 514; L. clavellosa, 
515, 590, 606, 678, 679*, 682*, 
722; L. compressa, 514; L. kali- 
formis (syn.), 511; L. ovalis (syn.), 
514; L. parvula (syn.), 514; L. 
rosea, 605*, 606, 725, 728; 
uncinata, 515 

Loose-lying forms, 211, 263, 385, 
387-9, 591 

Lophocladia, 550, 716, 746; L. tricho- 
clados, 550*, 718* 

Lophosiphonia, 566, 746; L. cristata, 
565*; L. obscura, 566 

Lophosiphonieae, 566, 746 

Lophothalia, 549-50*, 746; L. tricho- 
clados (syn.), 550; L. verticillata, 
549, 550* 

Lophothalieae, 549-50*, 746 

Loriella, 848, 861; L. osteophila, 849* 

Lyngbya, 792, 802, 829-31*, 840, 
842, 861, 869, 878; L. aerugineo- 
coerulea, 782; L. aestuarii, 782, 
862; L. compressa, 863; L. contorta, 
832, 833%; L. Hieronymusii (syn.), 
863; L. majuscula, 794*, 796, 830%, 
862, 863; L. Martensiana, 867*; 
L. mucicola, 878; L. nigra, 806; 
L. ochracea, 869; L. Rivulariarum, 
878; L. versicolor, 782 


Macrocysteae, 253 

Macrocystis, 10, 24, 193, 203, 207, 
209-11*, 212*, 231, 232, 234, 235, 
238, 240, 241, 243, 251, 253, 254; 
M. integrifolia, 209, 244; M. pyri- 
fera, 8, 10, 209, 210*, 224*, 228*, 
233*, 244, 249*, 254 

Mangrove-roots, algal flora of, 398, 
486, 531, 548, 549, 552 

Mannitan, 34 

Mannitol, 33, 411 

Marchesettia (syn.), 742; M. spongi- 
oides (syn.), 583 

Marginal meristems, 307, 308, 507, 
515, 560, 563 

Marginaria (syn.), 329 

Marginariella, 3, 10, 323, 329, 374, 


381 

Marssoniella, 817, 861; M. elegans, 
817* 

Martensia, 12, 540-1*, 543, 594, 
00—I, 716, 722, 746; M. denticu- 
ata, 543; M. flabelliformis, 543; 
M. fragilis, 541*, 543, 700*, 702*, 
715"; M. pavonia, 543 

Masonophycus, 156 
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Mastigocladaceae, 846 

Masttgocladus, 846, 854, 862; M. 
laminosus, 853", 854, 864 

Mastigocoleus, 852, 861; M. testarum, 
851*, 866 

Mazaea rivularioides (syn.), 852 

Mechanical elements, 21, 22, 185, 
234, 235, 243, 358, 359, 494 

Mechanical features of seaweeds, 22, 
221, 223, 231, 235, 252 

Mediterranean, algal flora, 5, 8, xx; 
Myxophyceae of, 866; Phaco- 
phyceae of, 157, 159, 172, 180, 
253, 263, 302, 323, 334; Rhodo- 
phyceae of, 472, 486, 504, 510, 
520, 569, 576, 583, 585, 666, 725 

Medulla, of Ectocarpales, 67, 72, 76, 
83; of Fucales, 356; of Lamina- 
riales, 226, 227-31*, 235, 236, 238, 
252 

Megasporangia, 121, 123* 

Meiosis, in Bangiales, 415, 435; in 
Cutleriales, 159, 164*; in Des- 
marestia, 187; in Dictyotales, 311— 
12*, 318; in diplobiontic Florideae, 
599, 6c :, 604~7*, 723, 724, 729, 
737; in Ectocarpales, 51, 117, 126, 
130, 131, 137; in Fucales, 322, 
370, 374; in Laminariales, 246-7*; 
in Nemalionales, 415, 599, 623, 
627; in Phaeophyceae generally, 
37, 38, 40; in Sphacelariales, 291; 
in Tilopteridales, 154, 156 

Meiosporangia, 121 et seq.* 

Melanopsamma, 24 

Melanoseris crispata (syn.), 563 

Melanthalia, 669, 674, 742; M. 
abscissa, 669 

Melobesia, 5, 506—7*, 509, 644 et 
seq.*, 655, 741; M. agariciformis 
(syn.), 591; M. callithamnioides 
Falkenb. (syn.), 507; M. deformans, 
583; M. farinosa, 7, 507; M. 
Lejolisii, 506*, 507, 647*; 
lichenoides (syn.), 508; M. limitata, 
507, 644, 647*, 648; M. mem- 
branacea (syn.), 507; M. poly- 
morpha (syn.), 508; M. Solmsiana, 
506%, 507, 654%, 655; M. Thureti 
(syn.), 582 

Melobesieae, 476, 506-11*, 866 

Membranoptera, 531, 696, 701, 714, 
746; M. alata, 531, 532*, 534*, 
697* 

Meriblastic branching of Sphace- 
lariales, 277 

Merismopedia, 768, 804, 816, 861; 
M. convoluta, 817*; M. elegans, 
778; M. punctata, 800 

Meristems, see Apical growth, Inter- 
calary growth, Marginal meristems, 
Trichothallic growth 
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Meristoderm, 185, 223, 226, 227, 
231, 237, 240, 268, 356 

Meristotheca, 741 

Mesochite (of Fucales), 372 

Mesogloea, 26*, 28, 76, 77-9*, 85, 88, 
89, 116%, 117, 140; M. Andersonii 
(syn.), 85; M. crassa (syn.), 82; 
M. decipiens (syn.), 90; M. divari- 
cata (syn.), 85; M. Leveillei, 77, 
78*, 136; M. vermicularis (syn.), 77; 
M. vermiculata, 77*, 78*, 83%, 120, 
130, 131; M. virescens (syn.), 79 

Mesogloeaceae, 76-90*, 93, 130, 139, 
140, 179, 381 

Mesophyllum, 653 

Mesospora, 65, 140 

Metachromatin, 25, 776, 780; 
-granules of Myxophyceae, 771, 
776-7", 787 

Microchaetaceae, 861, 878 

Microchaete, 8367, 861; M. calo- 
thrichoides, 811; M. grisea, 838*, 
862 

Microcladia, 528, 721, 744; M. 
glandulosa, 528, 685 

Microcoleus, 831, 861, 862, 869; 
M. chthonoplastes, 830*, 862 

Microcystis, 772, 793, 804, 812, 814, 
861, 878; M. aeruginosa, 783, 792*, 
814, 815*; M. elabens, 804; M. 
minuta, 782 

Microspongium, 6x, 140 

Microsporangium, 121, 123* 

Microthamnion (syn.), 519 

Mikrosyphar, 58, 139; M.  Poly- 
siphoniae, 58, 59*; M. Porphyrae, 
58, 59* ` 

Mitochondria, 25, 26*, 32, 404, 770 

Mitosis, 37, 412, 413 

Mollusca and Algae, 6, 247, 387, 
440, 508, 511, 827, 852, 866 

Monopodial branching, 23, 85, 89, 
327, 330, 332, 339, 351, 444, 850 

Monospora, 401, 412, 519, 728, 744; 
M. pedicellata, 726*, 728 

Monosporangia and monospores, of 
Bangiales, 430-1, 432%, 438; of 
Nemalionales, 456, 623-4*, 625, 
738; of other Florideae, 655, 723, 
726*, 728, 736, 738; of Tilopteri- 
dales, 149-51*, 153, 155, 156 

Monostroma, 30*, 101, 424 

Motile cells of Phaeophyceae, 40 

Movements, of Bangiales, 429 et 
seq., 433; of chromatophores, 28, 
404, 584; of Myxophyceae, 800-4, 

13; of reproductive cells of 

Florideae, 597, 602, 604, 624 

Mucilage, of Myxophyceae, 768, 
795-6, 801; of Phaeophyceae, 24, 
377; of Rhodophyceae, 399, 400, 
445 
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Mucilage-canals, 238-40"; -enve- 
lopes of Myxophyceae, 792-6*, 
29 

Multiaxial construction, in Phaeo- 
phyceae, 21, 50, 76, 93; in 
Rhodophyceae, 397, 445, 468- 
79, 494-502, 511-17, 582, 738- 


40 
Murrayella, 549, 746; M. periclados, 


549 

Mychodea, 486, 669, 742; M. foliosa, 
675*; M. ramulosa, 483*; M. 
terminalis, 670* 

Mychodeaceae, 742 

Mycosphaerella Pelvetiae, 327 

Myelophycus, 112, 140 

Myoxanthin, 781 

Myriactis (syn.), 72 

Myriactula, 72 et seq.*, 118, 140; 
M. pulvinata, 73, 74*; M. stellu- 
lata, 73, 74* 

Myriocladia, 77, 79, 140; M. Lovenii, 
78*, 79; M. Sciurus (syn.), 85 

Myriodesma, 323, 368, 381 

Myriogloea, 52, 85, 89, 140, 179; 
M. Sciurus, 85, 88*, 131 

Myriogramme, 536, 580, 746 

Myrionema, 60-2*, 140; M. aecidi- 
oides, 60, 61, 62*; M. patagonicum, 
61; M. siliquosum, 61; M. strangu- 
lans, 60 et seq.*, 124, 131, 136; 
M. vulgare (syn.), 60 

Myrionemataceae, 27, 50, 52, 60—7*, 
71, 76, 118, 130, 139, 140 

Myriotrichia, 105-7*, 140; M. adri- 
atica, 134; M. clavaeformis, 105, 
106*, 107, 131; M. filiformis, 106*, 
124; M: repens, 106*, 107, 131, 
134, 136; M.  Protasperococcus 
(syn.), 107 

Myxohyella, 827, 861; M. endo- 
phytica, 827 

Myxophyceae, 405, 407, 416, 429, 
437, 504, 738, 768-898; cell- 
membrane, 787-91 ; cell-structure, 
770-81; chromatic adaptation, 
783-6; classification, 769-70, 861— 
2; ecology and physiology, 862- 
78; general morphology, 813-56; 
heterocysts; 796-800; movements, 
800-4; mucilage-envelopes and 
sheaths, 792-6; photosynthetic 
products, 786-7; pigments, 781-3; 
reproduction, 804-13 

Myxorhodin, 781 

Myxosarcina, 826, 861 


Naccaria, 479-80, 616—17*, 630, 738; 
N. Wigghii, 479, 481%, 617* 

Naccariaceae, 630, 738; reproduc- 
tion, 616-17*, 622, 623; vegetative 
structure, 402, 457-9", 479-80 


D 


Nannocyte-formation in Myxophy- 
ceae, 812, 819 

Necridia, 806 

Neevea, 427, 438 

Nemacystus, 85, 90-1*, 140; N. de- 
cipiens, yo; N. divaricatus (syn.), 
120; N. flexuosus, 90, 91*, 136; 
N. ramulosus (syn.), 90 

Nemalion, 402, 413, 444, 445, 468-9*, 
592, 594, 597, 599, 612, 614, 616, 
623, 624, 626, 740; N. helmin- 
thoides, 468, 612; N. lubricum 
(syn. 468; N. multifidum, 468*, 
469, 598*, 612, 615*, 623; N. 
purpureum (syn.), 469 

Nemalionales, 416, 437, 438, 556, 
607, 630; classification, 737-40; 
life-cycle, 623-7, 736; reproduc- 
tion, 415, 592, 593, 599, 601, 
608-28", 724, 737; vegetative 
structure, 50, 397, 402, 412, 413, 
445, 449, 450-7", 463-72", 479- 
82*, 502, 608 

Nemalionopsis, 738 

Nemastoma, 496, 657, 674, 741; N. 
Bairdii (syn.), 469; N. canariensis, 
496; N. marginifera (syn.), 657 

Nemastomaceae, 741; reproduction, 
657; vegetative structure, 469, 
496 

Nemastomales, 415 

Nemathecia, 642, 652-3, 670, 674, 
675*, 732-6* 

Nematonostoc, 836 

Nematophycus (syn.), 42 

Nematophyton (syn.), 42 

Nematoradaisia, 824 

Nemoderma, 63, 124-5*, 127, 130, 
140; N. tingitana, 125* 

Neomeris annulata, 12 

Neomonospora, 728 

Neoplatylobium, 334 

Nephroselmidaceae, 20 

Nereia, 28, 172, 173 et seq.*; N. 
filiformis, 11, 172 et seq.*, 178* 

Nereocystis, 25, 29, 33, 34, 193, 
207-8*, 211, 221, 232, 235, 237, 
238, 240, 241, 243, 253, 254; 
N. gigantea (syn.), 211; N. Luet- 
keana, 208*, 233* 

Nereoginkgo, 502, 740; N. adianti- 
folia, 503* 

Net-formation among Florideae, 539, 

Neurocarpus (syn.), 302 

Neurocaulon, 502, 741; N. reniforme, 


502 

Neutral spores (of Bangiales), 430 

New Zealand, seaweeds of, 10, 302, 
323, 382, 560 

Nitophylleae, 529, 534-9, 540, 580, 
694, 699—701, 716, 729, 746 
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Nitophyllum, 445, 536, 538, 584, 
585*, 700-1*, 716, 722, 723, 746; 
N. Bonnemaisonii, 536; N. Gmelini 
(syn.), 536; N. laceratum (syn.), 
536; N. punctatum, 536, 537*, 590, 
606, 699*, 700*, 715*, 716, 723, 
726*; N. reptans (syn.), 536; N. 
uncinatum (syn.), 536; N. versicolor, 
536 _ 

Nitrates in seaweeds, 34, 411 

Nitrogen-chlorosis (in Myxophy- 
ceae), 782-3; -fixation, 871-2, 
874-5 : 

Nitrogen-metabolism of seaweeds, 


34, 411 

Nodularia, 835, 861; N. sphaero- 
carpa, 834*; N. tenuis, 834* 

Nori, 427 

North America, algal flora, 3, 9; 
Phaeophyceae of, 52, 148, 172, 
180, 253-4; Rhodophyceae of, 
466, 483, 494, 502, 517, 522, 531, 
552, 574, 740, 744 

Nostoc, 774, 793, 795 et seq., 803, 
807, 808, 811, 835-6, 861, 865, 
870, 872, 874, 875, 877; N. com- 
mune, 774, 782, 797*, 805*, 836, 
865; N. cuticulare, 870; N. ellipso- 
sporum, 798; N. flagelliforme, 836; 
N. insulare, 799; N. Linckia, 774", 
834", 836; N. pruniforme, 835; 
N. punctiforme, 805*, 806, 808, 
se 873*, 874; N. Zetterstedtii, 
3 


Nostocaceae, 783, 790, 792, 793, 
795, 798, 8oo, 806 et seq., 813, 
832, 834—7*, 861, 871, 872, 874 

Nostocales, 770, 788, 790, 791, 795, 
796, 804, 829-47", 859, 861 

Nostochopsidaceae, 850-2*, 856, 861 

Nostochopsis, 850-2*, 861, 863; N. 
Homes 852; N. lobatus, 851*, 

52 

Notheia, 323, 344, 354, 358, 365, 368, 
370, 374, 379, 382; N. anomala, 
345", 355%, 367*, 375* 

Nothocladus, 610, 737-9* ; N. nodosus, 
739* ; N. tasmanicus, 739* 

Nucleus and nuclear division, in 
Phaeophyceae, 32, 35-7* ; in Rho- 
dophyceae, 412 et seq.* 

Nullipores, 510, 511 

Nutrition of Myxophyceae, 870-2 

Nutritive cells of Florideae, 6or, 614, 
616, 619, 622, 628, 635, 639, 660, 

4 


Ocean currents and distribution of 
seaweeds, 8, 13 

Oceanic islands, seaweed vegetation 
of, 9, II, 12 

Ocrea of Myxophyceae, 795 


Octospores of Bangiales, 434 

Odonthalia, 554 558, 560, 706, 709, 

746; O. dentata, 553*, 554, 
706%, 718* 

Oicomonas, 878; O. syncyanotica, 
877* 

Olpidium, 24 

Omphalophyllum, 101, 140, 424; O. 
ulvaceum, 100* 

Oncobyrsa, 822, 824, 858, 861; O. 
rivularis, 825* 

Ooblastema filaments, 601 

Oogamy, 38, 171, 313-16, 369 et 
seq., 413, 591-9 

Oogonia, of Desmarestia, 187; of 
Dictyotales, 313-15*; of Fucales, 
369-74*; of Laminariales, 250, 


251 

Oolites and Myxophyceae, 859, 869 

Open nucleus, 780 

Ophidocladus, 566, 746; O. simpli- 
ciuscula, 565*, 566 

Opuntiella, 496, 660, 741; O. cali- 
fornica, 496, 662* 

Oscillatoria, 772, 779*, 781, 783, 788 
et seq.*, 794*, 800 et seq., 806, 
807, 829-31*, 860, 861, 864, 870, 
871, 874, 878; O. Agardhi, 829; 
O. amoena, 782; O. amphibia, 803, 
804; O. amphigranulata, 775; O. 
anguina, 805*; O. angusta, 871; 
O. Bonnemaisoniae, 862; O. Borneti, 
772, 774*; O. brevis, 805%; O. 
chlorina, 863; O. Cortiana, 782; 
O. formosa, 782, 803; O. irrigua, 
830%; O. jenensis, 802, 803; O. 
Lauterbornet, 774, 863; O. limosa, 
782, 830*; O. princeps, 771; O. 
proboscidea, 830*; O. sancta, 783, 
790, 794*, 803; O. splendida, 801, 
803, 830*; O. tenuis, 777*, 779*, 
782, 830* 

Oscillatoriaceae, 769, 772, 774, 783, 
784, 795, 796, 813, 829-32*, 835, 
837, 844, 858 et seq.; hormogonia, 

06; movements, 800-4 

Oscillospira, 871 

Osmotic pressure, in Myxophyceae, 
771; in Phaeophyceae, 25; in 
Rhodophyceae, 402 

Osmundaria, 570-1, 747; O. prolifera, 
571 

Ostreobium Queketii, 440 

Oxalates, 34, 411 

Oxidases, 35, 587 

Ozothallia constricta (syn.), 329 


Pachymenia, 740 

Pacific, algal flora, 9, 10, 12; Phaeo- 
phyceae of, 52, 172, 180, 253-4, 
323; Rhodophyceae of, 483, 502 
583, 740, 741, 744 
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Padina, 12, 25, 302, 305—7*, 308, 
311, 312, 313, 315, 317, 318; 
P. gymnospora, 306%, 312; 


pavonia, 26*, 302, 305-7*, 311 et 
seq.*, 315, 318, 319; P. Sanctae 
Crucis, 306%, 307, 312; P. varie- 
gata, 318; P. Vickersiae, 306* 

Palmelloid Myxophyceae, 769, 814- 
15*; Phacophyceae, 20 

Pantoneura, 529, 746 

Paracapsa, 819, 861, 869 

Parallelism, 42, 77, 445 

Paraphyses, 67, 103, 111, 139, 173, 
244, 312", 368, 374, 648, 655 

Paraplectonema (syn.), 844 

Parasitism, in Phaeophyceae, 24, 32, 
58; in Rhodophyceae, 548, 578-83 

Parasporangia, 731 

Paraspores of Ceramiaceae, 726* 

Parenchymatous construction, 21, 22, 
50, 260, 397 

Parthenogenesis, 166, 251, 316, 318, 
379, 657, 725 

Paulinella, 876; P. chromatophora, 


877 
Pearl Moss (Chondrus crispus), 497 
Pectic substances, 24, 399, 423, 447, 


788, 795, 796 
Felagophycus, 207, 2X1, 212, 247, 253, 


254 

Peliaina, 876-7; P. cyanea, 877* 

Pelodictyon, 860, 861; P. clathrati- 
forme, 857* 

Pelvetia, 34, 323, 326-7, 330, 349, 
351, 358, 361, 362, 369, 370, 376, 
381; P. canaliculata, 2, 35, 325*, 
326, 357", 358, 361*, 366, 369 et 
seq.*, 382; salt-marsh forms of, 
33; 384-6"; P. fastigiata, 327, 347, 

49, 363, 364*, 370, 374, 375* 

Pelvetiopsts, 327, 372, 381 

Pentapeptides, 411 

Pentosans, 795 

Pentoses, 33, 400 

Perennials and perennation, 5; among 
Phaeophyceae, 63, 65, 159, 180, 
193 et seq., 260, 279, 326, 337; 
among Rhodophyceae, 398, 461, 
478, 484, 487, 494, 497, 499, 533, 
546, 554, 558 

Pericentral cells, of Dasyaceae, 572, 
574; of Delesseriaceae, 529, 539; 
of Florideae generally, 446, 479, 
483, 484, 525, 528; of Rhodome- 
lacene, 527, 544, 545, 552; of 
‚Stigonema, 856—7* 

Pericysts of Sphacelariales, 268, 270, 
271, 274 à 

Periodicity in reproduction, 124, 313, 
316-17, 377; see also Seasonal 
alternation 

Periphykon, 563, 746 
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Perithalia, 171 

Perithallium of Corallinaceae, 
et seq. 

Peroxidases, 35, 587 

Petalonema, 793, 844, 861; P. alatum, 
794* ; P. crustaceum, 868 

Petalonia, 28, 30*, 103, 104%, 137, 
138, 140; P. debilis, 137; P. Fascia, 
27, 29, 103, 104%, 137; P. zosteri- 
folia, 137 

Petrocelis, 502-4*, 641, 642, 652, 
741; P. cruenta, 504; P. Hennedyi, 
503*, 504, 641%, 642, 725 

Petroderma, 63, 140; P. maculiforme, 
64* 

Petrospongium (syn.), 76; P. Berkleyi 
(syn.), 76 

Peyssonnelia, 400, 502-4", 505, 642- 
4*, 652, 655, 741; P. Dubyi, 503*, 
603", 643*, 654%; P. polymorpha, 
504, 591; rubra, 504; 
squamaria, 503*, 504 

Phacelocarpus, 742 

Phaeocystis Giraudii, 20; P.globosa, 20 

Phaeoglossum, 254. 

Phaeophyceae, 4, 12, 19-396, 398, 
408, 409, 736, 738; classification, 
41, 138, 139; cell-structure, 24— 
31; chromatophores, 26—28*; nu- 
cleus, 35-7*; photosynthetic pro- 
ducts, 33-4; pigments, 29-30; 
reproduction, general features of, 
37-40 

Phaeophycean starch, 28 

Phaeophyll, 29 

Phaeophyta, 42, 398 

Phaeosaccion, xox, 140; P. Collinsii, 
100* 

Phaeosporeae, 41 

Phaeostroma, 58, 139; P. aequale, 58 

Phaeurus, 180, x82, 186 

Phanerophytes, 5 

Phenotypic sex-determination, 121 

Phloeocaulon, 262, 263, 265, 268, 273 
et seq., 279, 289, 291, 293, 300; 
P. foecundum, 261*, 265, 267*, 
270, 289, 290*; P. spectabile, 290* ; 
P. squamulosum, 263, 270 

Phloeospora, 27, 97, 98*, 139, 140; 
P. brachiata, 97, 98*, 120, 130, 
131, 134, I35*; P. subarticulata 
(syn.), 119 

Phloroglucin, 32 

Phormidium, 774, 785%, 792, 795» 
802, 831, 861 et seq., 868, 872; 
P. ambiguum, 774%; P. autumnale, 
796; P. Ectocarpi, 782; P. favosum, 
7715, 779*; laminosum, 864; 
P. luridum, 782; P. mucicola, 878; 
P. persicinum, 782; P. Retzii, 777*, 
867*; P. tenue, 783, 862; P. unci- 
natum, 779%, 782, 830° 
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Phosphates in seaweeds, 34 

Photosynthesis, 1 et seq., 7; in 
Myxophyceae, 783, 785, 786, 869; 
in Phaeophyceae, 19, 29-31, 33, 
383; in Rhodophyceae, 407-9, 
411 

Photosynthetic products, of Myxo- 
phyceae, 786-7; of Phaeophyceae, 
33-4; of Rhodophyceae, 409-12 

Phototaxis, 118, 120, 247, 379, 803, 
876 

Phototropism, 225, 804, 865 

ee 427, 438; P. sordidum, 


42 

Phyccchromophyceae, 768; see also 
Myxophyceae 

Phycocoelis (sys.)}, 60; P. aecidioides 
(syn.), 60; P. maculans (syn.), 


Phycocyanin, of Myxophyceae, 781- 
2, 784; of Rhodophyceae, 405 et 
seq.?, 423, 437 

Phycodrys, 529, 534-6", 538, 698- 
700", 701, 716, 722, 746; P. rubens, 
534^, 535”, 698*, 699*, 702", 715°, 
716; P. sinuosa (syn.), 534 

Phycoerythrin, of  Myxophyceae, 
406", 781-2; of Rhodophyceae, 
405 et seq.*, 423, 437 

Phycophaein, 29 

Enycoxanthin, 29; of Myxophyceae, 
781 

Phyllaria, 202, 253; P. reniformis 
202, 251, 253 

Phyllitis (syn. » 1055 140; P. caespi- 
tosa (syn.), 103; P. . Fascia (syn.), 


103 

Phyllogigas, 216, 253, 254 

Phyllophora, 404, 410, 4967, 591, 
670, 672-3*, 674, 731-3", 744; 
P. Brodiaei, 8, 496 et seq.*, 578, 
731-3", 736; P. epiphylla, 11, 496, 
497, 670, 674; P. membrantfolia, 
403", 496 et seq.*, 597, 670, 673 
et seq.*, 731; P. nervosa, 11, 405, 
497; P. rubens (syn.), 496 

Phyllophoraceae, 744; reproduction, 
670-4, 731-6"; vegetative struc- 
ture, 449, 496—7, 578 

Phyllospora, 323, 329, 369, 370, 
SU 376, 381; P. comosa, 329, 


Prolloxanthin, 29 

Phymatolithon, 653, 741 

Physematoplea attenuata (syn.), 114 

Physma cyathodes, 875 

Physodes, 31; see EE 

Pigments, of Myxophyceae, 781-3; 
of Phaeophyceae, 29, 30; of 
Rhodophyceae, 405-7 

Pikea, 740 

Pit-connections, of Florideae, 446—9*, 


478; of NESSES 779°, 789°, 
791, 848, 856 

Pits, of Dictyota, 304; of Florideae, 
397, 446; of Fucales, 356, 358; of 
Laminariales, 227, 232 

PRE: 818-10°, 861; P. vesiculosa, 
I 

Placophora, 563, 564, 705, 707, 717, 
746; P. Bindert, 563, 564* 

Placynthium nigrum, 875 

Plagioblastic branching: of Sphace- 
lariales, 277 

Plagiospora (syn.), 644 

Planktonic Myxophyceac, 769, 772 
et seq., 784, 814, 816, 829, 832, 
835, 862, 863 

Planococci, 806, 849 

Plasmodesmae, of Florideae, 447, 
484, 604; of Fucales, 360; of 
Laminariales, 232, 233° 

Plasmolysis, in Myxophyceae, 771, 
788; in Phaeophyceae, 25; in 
Rhodophyceae, 399, 401, 447 

Plastomeres, 376 

Platoma, 445, 469, 601, 657, 674, 
BASTI: Bairdii, 469, 470*, 
600%, 657, 658°; P. marginifera, 
469, 657; P. Pikeana, 657 

Platylobium, 334, 369, 382; P. Mer- 
tensii, 334 

picks 721-2, 746; P. miniata, 


Pltythalia, 334, 33% 382; P. querct- 
folia, 334, 335° 

Platythamnion, 522, 588, 685, 691; 
P. villosum, 685 

Plectonema, 784, 842-4*, 861; P. 
Battersti, 843%; P. terebrans, 866; 
P. Tomasinianum, 843° 

Pleonosporium, 519, 729, 744 

Plethysmothalli, 91°, 132, 134 etseq.® 

Pleurocapsa, 811, 822, 824, 858, 861; 
P. fuliginosa, 866; P. minor, 810°, 
824, 825®, 827 

Pleurocapsaceae, 824, 861 

Pleurocapsales, 769, 770, 788, 791, 
804, 811, 812, 22, 824-9*, 848, 
858, 861, 863 

Pleurocladia, 19, 139; P. lacustris, 55, 
56*, 116* 

Pleurophycus, 197, 238, 250, 253 

Pleurostichidium, 578 

Plocamiaceae, 742; reproduction, 
666-79, 674; vegetative features, 
492-3" 

Plocamium, 412, 492-3*, 666—7*, 
674, 742; P. coccineum, 9, 492, 
493*, .585, 593*, 667*, 675*; 
P. pacificum, 492 

Plumaria, 523-5°, 694, 722, 729-31®, 

744; P. elegans, 450, 523, 524*, 
689, 729, 730*, 731 
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Plurilocular sporangia, 38; of Cut- 
leriales, 161-3*; of Ectocarpales, 
51, 97, 116", x18, 119, 131, 132, 
137; of Sphacelariales, 289, 291, 
293; of Tilopteridales, 151—3* 

Poecilothamnion (syn ), 518; P. seiro- 
spermum (syn.), 519 

Pogotrichum filiforme (syn.), 101 

Polarity, 22, 279, 317, 346, 590, 
769, 816, 819 

Pollexfenia, 561-3", 705, 717, 720, 
746; P. crispata, 563, 717; 
pedicellata, 561 et seq.*, 717 

Polycoryne, 580, 746 

Polyides, 400, 404, 412, 478, 590, 
591, 642, 652, 741; P. rotundus, 
477*, 478, 642, 643* 

Polymorphism, 820, 844, 854, 870 

Polyneura, 536, 694, 700, 70r, 716, 
746; P. Gmelini, 536, 700*, 702*; 
P. Hilliae, 699*, 702* ; P. latissima, 
537* 

Polyphacum proliferum (syn.), 571 

Polyploidy, 372 

Polysaccharides, 33, 409 

Polysiphonia, 404, 407, 411, 413, 449, 
542-8", 556, 597, 604, 703-5", 
707-8*, 717, 722, 746, 856; P. 
atrorubescens (syn.), 548; P. Bro- 
diaei, 542*, 545, 546, 548, 717; 
P. byssoides (syn.), 548; P. decipiens, 
545, 703; P. dendritica (syn.), 548; 
P. elongata, 544 et seq.*; P. fasti- 
giata, 32, 542*, 545 et seq.*, 548, 
578, 587, 596; P. furcellata, 591; 
P. hypnoides (syn.), 566; P. hystrix, 
548; P. lophoclados (syn.), 550; 
P. nigra, 548; P. nigrescens, 405, 
542%, 545, 546, 548, 704*, 708*, 
717, 718*, 725; P. obscura (syn.), 
566; P. parasitica (syn.), 560: P. 
simpliciuscula (syn.), 566; P. spiralis, 
542%, 548; P. tenella (syn.), 560; 
P. urceolata, 545 et seq.*, 578, 723; 
P. variegata, 542*, 548; P. violacea, 
414%, 448%, 542%, 544 et seq., 548, 
593", 595%, 598*, 605*, 704%, 
708", 717, 718", 723, 727; P. 
virgata, 582 : 

Polysiphonieae, 543-9, 746 

Polyspores of Florideae, 625, 729- 


31 

Polystichous Ectocarpales, 6o, 96- 
117, 139, 140, 260, 299, 380, 381 

Polystrata (syn.), 503 

Polyzoa and Myxophyceae, 878 

Polyzonia, 566-7, 568, 747; P. 
elegans, 564*, 567; P. incisa (syn.), 

66; P. Sonderi (syn.), 566 ! 

Polyzonieae, 564-8*, 747 

Porolitho:, 510, 741; P. craspedium, 
511; P. oncodes, 511 


Porphyra, 1, 7, 397, 407, 412, 426-7, 
431, 433-4, 435, 437, 438; P. 
atropurpurea, 427, 432*, 433; P. 
Boryana (syn.), 423; P. capensis, 
3; P. coccinea (syn.), 424; P. 
laciniata, 409, 427, 432*, 436"; 
P. leucosticta (syn.), 427; P. 
linearis, 427; P. naiadum, 426; 
P. perforata, 3, 427; P. tenera, 427, 
432 et seq.*; P. umbilicalis, 2, 425*, 
427, 432*, 434, 435; P. vulgaris 
(syn.), 427 

Porphyridiaceae, 423, 427-30", 437, 


43 

Porphyridium, 423, 427 430, 431, 
438; P. aerugineum, 430; P. cruen- 
tum, 427, 428*, 430, 431, 437; 
P. marinum, 430, 437 

Porphyropsis, 424, 431, 438; P. coc- 
cinea, 424, 432* 

Porphyrosiphon, 832, 861; P. No- 
tarisii, 832, 833*, 865 

Postelsia, 204, 206*, 207, 241, 253, 
254; P. palmaeformis, 204, 206* 

Prasiola, 2; P. stipitata, 2 

Prasiolaceae, 96, 416, 437 

Prionitis, 740; P. lanceolata, 635, 
636* 

Procarp of Florideae, 413, 601, 628, 
633, 646, 669, 674, 694, 701, 703, 
709 

Productivity in the sea, 6 

Products of photosynthesis, see 
Photosynthetic products 

Proembryo of Sporochnales, 174, 177 

Proliferation, 118, 289, 431, 596, 602, 
604, 624 ` 

Propagules, of Florideae, 591, 628, 
655; of Sphacelaria, 279, 283-5* 

Prospory, 725 

Prostrate system, see Attachment 
systems, Early development 

Protasperococcus, 107, 134, 140; 
P. myriotrichiformis, 131, 136 

Proterendothrix, 829, 861; P. scole- 
coidea, 833* 

Prothallus, see Gametophytes 

Protoflorideae, 438 

Protonema of Ectocarpales, 132, 134 

Protoplast, of Myxophyceae, 770-2; 
of Phaeophyceae, 25; of Rhodo- 
phyceae, 401-2 

Prototaxites, 42 

Prototilopteris (syn.), 55 

Pseudanabaena, 835, 861 

Pseudochantransia, 456 

Pseudolaterals of Dasyaceae, 572 

Pseudolithoderma, 66 

Pseudoncobyrsa, 818-19*, 861; P. 
fluminensis, 818*, 819 

Pseudo-parenchymatous construc- 
tion, 21,22, 76 etseq., 176, 397, 446 
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Pseudo-vacuoles of Myxophyceae, 
772-5*, 800, 863 

Pseudovagina, 813, 822 

Pterocaulon (syn.), 382 

Pterocladia, 461, 462, 630, 740; 
P. capillacea, 4o 463* 

Pteronia, 549, 746 

Pterosiphonia, 558-60, 563, 706, 746; 
P. complanata, 559; P. parasitica, 
560, 562* 

Pterosiphonieae, 558-63*, 746 

Pterota densa (syn.), 525; P. plumosa 
(syn.), 525 

Pterothamnion (syn.), 522 

Pterygophora, 215, 232, 235, 238, 243, 
244, 247, 250, 251, 253, 254; P 
californica, 216* 

Ptilocladia, 744-5 

Ptilopogon, 262, 263, 265, 268, 270, 
274, 275, 289, 291, 293, 300; P 
botryocladus, 290* 

Ptilota, 523, 525, 689, 691, 694, 712, 
725, 744; P. densa, 525; P. elegans 
(syn.), 523; P. Harveyi, 524*, 525; 
P. pectinata, 525; P. plumosa, 403*, 
524%, 525, 689, 692*, 712; 
sericea (syn.), 523; P serrata (syn.), 


525, 689 

Ptilothamnion, 520, 691, 744; P. 
pluma, 520 

Pulvinaria algicola, 20 

Pulvinularia, 848, 858, 861; P. 


suecica, 849* 
Pulvinulariaceae, 861, 863 
Punctaria, 21, 50, 52, 98-100*, 120, 
140, 397; P. latifolia, 98 et seq.*, 
131, 136; P. plantaginea, 131 
Punctariaceae, 23, 97-103*, 107, 
114, 130, 139, 140 
Punctariales, 138, 139 
Pycnophycus (syn.), 332, 
tuberculatus (syn.), 332 
Pylaiella, 52, 55, 117, 118, 126, 129, 
139; P. fulvescens, 26*, 27, 55, 118; 
P. littoralis, 26*, 29, 36*, 39*, 53*, 
55, 116*, 129; P. Postelsiae, 55; 
P. rupincola, 6, 55, 129, 137 
Pyrenoids, of Phaeophyceas, 26*, 28, 
149;0f Rhodophyceae, 402,410, "423 


Radaisia, 811, 822, 824, 861; R. 
Gomontiana, 826* 

Radaisiella, 824 

Ralfsia, 23, 52, 63-5*, 140; R. 
clavata, 64*, 130; R. ovata, 66; 
R. verrucosa, 63 et seq.* 

Raphidiopsis, 837, 861; R. curvata, 
838* 


282: Ji 


3 
Receptacles of Fucales, 324, 329, 331, 


383 
Red Algae, see Rhodophyceae 
Red-coloured Myxophyceae, 784 


Reduction divisions, sec Meiosis 

Regeneration, 13, 54, 241, 250, 277, 
279, 327, 351, 590 

Reinboldiella, 528, 744, 745 

Relative sexuality, 121 

Renfrewia parvula (syn.), 196 

Respiration, r, 2, 4, 7, 8, 19, 186, 
243, 360, 383, 551 

Resting spores of Myxophyceae, 807 
et seq.; see also Akinetes 

Rhabdinocladia (syn.), 100 

Rhabdoderma, 815-16, 861 

Rhabdonia, 660, 741-2; R. Coulteri 
(syn.), 494; R. ramosissima (syn.), 
494; R. tenera (syn.), 494; R. 
verticillata, 743* 

Rhabdoniaceae, 741-2; reproduc- 
tion, 660, 662*; vegetative struc- 
ture, 486 

Rhizoids, 22, 149, 176, 225, 270, 
279, 307, 346, 457, 588, 590 

Rhizophyllidaceae, 741; reproduc- 
tion, 642-3", 652; vegetative struc- 
ture, 478, 505* 

Rhizophyllis, 505, 642, 652, 741; 
R. Squamariae, 505* 

Rhizopogonia, 740 

Rhizosolenta, 877*, 878 

Rhodochaete, 440; R. pulchella, 439* 

Rhodochorton, 402, 450, 452", 453, 
590, 625, 737; R. chantransiotdes 
(syn.), 625; R. floridulum, 452*, 
453; R. islandicum, 453; R. mem- 
branaceum, 453, 626%; R. penicilli- 
forme, 625, 626*; R. Rothit, 4, 71, 
452", 453 

Rhododermis, 504, 741; R. Georgii, 
504-5*; R. Vanheurckii (syn.), 504 

Rhodoglossum, 672 

Rhodomela, 552-4*, 7o1, 705, 707, 
709, 717, 722, 746; R. crassicaulis, 
407; R. dentata (syn.), 554; R. 
subfusca, 405, 448%, 449, 552, 581, 
605*, 708*, 709, 725; R. virgata, 
414", 552, 553", 593, 605", 606, 

o6*, 718* 

Rhodomelaceae, 10, 13, 405, 517, 576, 
578, 720 et seq.; classification, 
746-7; reproduction, 701, 703-9*, 
716-19*; vegetative structure, 446, 
449, 543-72", 590, 720 

Rhodomeleae, 552-4*, 746 

Rhodomonas, 398 

Rhodopeltis Geyleri (syn.), 563 

Rhodophyceae, 4, 12, 319, 397-767, 
860; classification, 415-16; cell- 
structure, 399-404, 412, 413; chro- 
matophores, 402-5*; life-cycle, 
415; photosynthetic products, 409— 
12; pigments, 405-7; reproduction, 
413, 415, 430-5", 591-737"; vege- 
tative structure, 423-30, 444-591 
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Rhodophyllidaceae, 742; reproduc- 
tion, 663-6"; vegetative structure, 
484-6*, 489-92" 

Rhodophyllis, 489-9x*, 663-4, 742; 
R. bifida, 9, 489", 491*, 492, 663, 
665*, 666, 675* 

Rhodophysema Georgii (syn.), 504 

Rhodophyta, 398 

Rhodospermin, 406 

Rhodospora, 430, 438; R. sordida, 
403", 428* 

Rhodymenia, 192*, 515-17*, 590, 
677, 722, 744; R. bifida (syn.), 
489; R. ciliata (syn.), 490; R. 
cristata (syn., 501; R. jubata 
(syn.), 490; R. laciniata (syn.), 
634; R. palmata, 97, 407, 408, 411, 
449, 512*, 515-17", 584, 606, 677, 
683, 725; 
677”, 682* 

Rhodymeniaceae, 514, 744; repro- 
duction, 677-8*, 682-3"; vegeta- 
tive structure, 515-17* 

Rhodymeniales, 416, 584, 722; classi- 
fication, 744; reproduction, 592, 
602, 603, 674, 676-83"; vegetative 
structure, 412, 445, 502, 511-17", 
608 

Ricardia, 578-80*, 705, 708, 717, 
746; R. Montagner, 578, 579*; 
R. saccata, 578, 579* 

Richelia, 861, 877-8; R. intracellu- 
laris, 877* 

Rissoella, 5, 399, 666, 741; R. verrucu- 
losa, 13, 664* 

Rissoellaceae, 741 

Rivularia, 840-1*, 861, 863, 868; 
R. atra, 2, 862; R. Biasolettiana, 
840, 841*: R. bullata, 786, 840, 
878; R. dura, 840; R. haematites, 
840, 841*; R. minutula, 841*; 
R. polyotis, 840, 841° 

Rivulariaceae, 772, 790, 792, 79 
seq., 806, 807, 837-41*, 861, 862 

Rock-pools, algal vegetation of, 3 

Rosaria, 854, 862; R. ram a, 853* 

Rosenvingea stellata (syn.), 111 

Rotifers and Algae, 878 

Rytiphloea, 569-70, 572, 747; R. 
complanata (syn.), 560; R. pina- 
stroides (syn.), 569; R tinctoria, 
569, 571*, 591 


Saccorhiza, 28, 32, 128, 129, 192, 
200-2*, 229% 236 et seq., 243, 247, 
253, 380; S bulbosa, 39*, 200, 
202*, 224 et seq. * 230%, 235, 236, 
243 et seq.*, 248, 249°, 251, 253, 
281; S. dermatodea, 10, 202%, 235, 


Sac SS 464, 465, 612 
Salines, algal flora of, 862 


R. pertusa, 517, 676%, 


Salinity-changes, effects on seaweeds, 
2, 6-7, 383, 402, 405, 426, 862 
Salt-marshes, Algae of, 398, 486, 

552, 769, 862; Fucaceae of, 383-7" 
Sapropelic Myxophyceae, 774, 781, 
861, 86 
Saprophytism, 578, 76y 
Sarcina gigantea, 860 
Sarcodiotheca, 741; S. furcata, 743* 


' Sarcomenia, 721-2, 746; S. delesse- 


rioides, 722; S. filamentosa (syn.), 
722; S. miniata (syn.), 721 

Sarcomenieae, 721-2, 746 

Sarcophycus (syn.), 346, 382 

Sarcophyllis edulis (syn.), 490 

Sargassaceae, 339-44", 346, 382; 
reproduction, 3635, 365; vegetative 
structure, 339-44*, 353, 354, 358 

Sargasso Sea, 388 

Sargassum, 5, 9, Ap 19, 23, 323, 
339-43", 353-4", 360, 362, 366, 
368, 369, 372, 374, 378, 381, 382, 
388; S. Karen (syn.), 339, 
388; S. enerve, 340*, 341; SS. Fili- 
pendula, 358, 304% 366, 3677; 
369, 388; S. Horneri, 369, 373*, 
374; S. Hornschuchi, 339; S. 
hystrix, 388; S. linifolium, 34, 
339, 340", 353, 354%, 367%; S. 
longifolium, 340%, 341; S. natans, 
339, 388; S. patens, 341; S. 
Peronii, 340°, 341; S. Vachelli- 
anum, 340*; S. vulgare, 342%, 
388 

Scaberia, 323, 329, 381 

Scaphospora (syn.), 153; S. arctica 
(syn.), 153; S. Kingü (syn.), 148; 
S. speciosa (syn.), 152%, 153 

Schimmelmannia, 457, 632, 740; S. 
ornata, 631* 

Schizomycetes, 860; see also Bac- 
teria 

Schizophyceae, 768, 860; see also 
Myxophyceae 

Schizophycose, 796 

Schizophyta, 860 

Schizothrix, 795, 831-2, 861, 863, 
868; S. coriacea, 832; S. Cresswellit, 
832: S. fasciculata, 867*, 868; 
S. fragilis, 832; & lacustris, 832; 
S. Lamyi, 830*; S. Mülleri, 777°; 
S. pulvinata, 867* 

Schizymenia, 496, 657, 741; S. 
Sec 496; S. pacifica, 496, 


58 

Schmitziella, 644 

Scinaia, 12, 402, 413, Sr 620-1", 
622, 623, 624, 740; 5. furcellata, 
471, 472", 585, 593%, 620, 621, 
624*; S. subcostata, 471 

Scopulonema, 824, 827, 861; S. 
Hansgirgianum, 828* 
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Scytonema, 772, 778, 796, 797, 806, 
807, 842-4*, 861, 863, 865, 875; 
S. Arcangelti, 843*; S. cincin- 
natum, 796; crassum, 793; 
S. crustaceum, 845*; S. Julianum, 
869; S. Millei, 843* ; S. myochrous, 
794*, 865; S. pseudoguyanense, 
843*; S. simplex, 843*; S. velu- 
tinum, 807 

Scytonemataceae, 790 et seq., 795, 
796, 806, 807, 837, 842-7*, 861 

Scytonematopsis, 846, 861; S. calo- 
trichoides, 845* 

Scytonemine, 796 

Scytosiphon, 21, so, 67, 103, 104, 
112, 137, 140; S. Lomentaria, 7, 
27, 52, 103 et seq.*, 121%, 135*, 


137 

Scytothalia, 10, 329, 369, 381; SS. 
axillaris (syn.), 329; S. dorycarpa, 
329 

Scytothamnus, 52, 114, 140; SS. 
australis, 10, 114, 115*; S. hir- 
Sutus, 114 

Sea Palm (Postelsia), 204 

Sea Urchins and Algae, 878 

Seasonal alternation, 129, 165, 318, 
625, 727, 731; — occurrence of sea- 
weeds, 5 

Sebdenia, 478, 657, 674, 741; S. 
Monardiana, 406, 478, 658* 

Sebdeniaceae, 741 

Secondary increase, in Desmarestia, 
185; in Fucales, 360; in Gigar- 
tinales, 494, 495*, 497; in Lamina- 
riales, 232; in Sphacelariales, 268, 
269* 

Secondary pit-connections (of Flori- 
deae), 449, 509, 529 

Seguenzaea, 846, 8 

‚Seirococcus, 323, ER 330, 351, 353, 


369, 381; S. axillaris, 328*, 329, 
352* 

Seirospora, 519, 585, 689, 714, 720, 
728-9, 744; S iffithsiana, 519, 
689, ‘26*, 728; S. occidentalis, 
726*, 728 


Separation-discs of Myxophyceae, 
805*, 806, 829, 842 

Sex-determination, 121, 248, 318, 
592 

Sexual reproduction, in Bangiales, 
431-4* in Ceramiaceae, 683- 
94* in Corallinaceae, 644—50*; 
in other Cryptonemiales, 630—44* ; 
in Cutleriales, 162-3*; in Dasya- 
ceae, 709—12*; in Delesseriaceae, 
694 701*; in Dictyotales, 313- 
17*; in Éctocarpales, 120-6*; in 
Florideae generally, 591-9"; in 
Fucales, 368-80*; in Gigartinales, 
656-73"; in Nemalionales, 608- 


22*; in Rhodomelaceae, 701, 703- 
9*; in Rhodymeniales, 674-82*; 
in Sphacelariales, 291-3* 

Shade-forms among Algae, 4, 31, 
407, 408, 504, 785 

Sheaths of Myxophyceae, 769, 782, 
844, 865 

Sieve tubes of Laminariales, 24, 
232-4* 

Simonsiella, 871 

Simplices (sect. Laminaria), 195 

Sinter deposits and Myxophyceae, 

Siphonales, 9, 12, 21 

Donne 811, 820-2, 858, 859, 

; S. polonicum, 821* 

Er 861 

Sirodotia, 445, 454, 455, 459, 610, 
737; S. suecica, 454*, 610, 611 

Sitosterol, 405 

Slope of rock and seaweed-distribu- 
tıon, 6, 382 

Soil-Algae, 832, 836, 865-6 

Sokolovia, 820 

Solenopora, 511 

See 827, 861, 866; S. stratosa, 
2 

Solfataras, Algae of, 864 

Solieria, 662, 741; S. chordalis Harv. 
em» 494; S. chordalis (Ag.) J. Ag., 

2* 


Solieriaceae, 741; reproduction, 660- 
3*; vegetative structure, 494, 496 

Soranthera, xo8-9*, 120, 140; 
ulvoidea, 108, 109*, 130 

Sorbitol, 411 

Sori, of antheridia in Florideae, 594; 
of sex organs of Dictyotales, 313— 
15*; of unilocular sporangia in 
Phaeophyceae, 93, 100, 104, 107, 
109, III, 139, 159, 163, 173, 192, 


244, 311-12 
Sorocarpus, 55, uo 130, 139; S. 
uvaeformis, Bee Be M5 x 3° 
SE 861; S. aggregata, 
57* 


South Africa, algal flora, 8, 10, 12; 
Phaeophyceae of, 95, 172, 253-4, 
263, 323; Rhodophyceae of, 563, 
742,744 

Southern Hemisphere, algal flora, 10; 
Phaeophyceae of, 19, 52, 171-2, 
253-4, 263, 302, 323; Rhodo- 
phyceae of, 480, 529, 540, 548, 
563, 566, 740, 742, 744 

Space parasites, 769, 872, 874 

Spatoglossum, pa 313 

Spelaeopogon, 846, 861; S. Kashyapi 
(syn.), 846; S. lucifugus, 845%, 846 

Spermatangia of Florideae, 594; see 
also Antheridia 


Spermatia, 413, 433, 593, 596-7, 649 


\ 
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Spermatochnaceae, 88, 90-5*, 112, 
130, 139, 140 

Spermatochnus, 21, 50, 90-3*, 132, 


136, 140, 190, 191; S. ,Leiolisii, 93; 
S. paradoxus, 90, 92*, 130, 131, 


135* 

Spermothamnion, 404, 450, 520, 523, 
687-9*, 691, 712, 722, 723-4, 
729-31, 744; S. hermaphroditum, 
520, 596; S. repens, 520, 693*; 


S. roseolum, 520, 683, 687, 688*, 
723, 725; S. Snyderae, 729, 730*, 
731; S. Turnert, 413, 519*, 520, 
606, 723, 724, 731; S. Turneri f. 
intricata (syn.), 520 

Sphacelaria, 190, 262 et seq.*, 300, 
320; S. bipinnata, 280*, 281, 283, 
291, 292*, 293; SS. biradiata, 283, 
284; S. Borneti, 263, 287; 
bracteata, 266, 286*, 287; S. britan- 
nica, 280*, 286* ; S. caespitula, 280*, 
281; S. cirrhosa, 261*, 263, 266, 281 
et seq.*; S. divaricata, 263, 285; 
S. furcigera, 7, 263, 266, 272*, 
273, 283 et seq.*, 293; S. fusca, 
283, 284; SS. hystrix, 263, 269*, 271, 
281, 283, 284*, 286*, 293; SS. Novae 
Caledoniae, 281; S. olivacea, 262, 
263, 265, 266, 268, 271, 279, 280*, 
282*, 285, 287-9, 293; S. plumigera, 
262, 266, 268, 269*, 271, 279, 287; 
S. plumula, 262, 264*, 266, 268, 
271, 273, 281, 283 ct seq.*; S. 
pulvinata, 263, 266, 281; S. race- 
mosa, 6, 262, 263, 266, 286*, 287; 
S. radicans, 262, 263, 266, 271, 
BS, Bip, BS AG 287505). 
Reinkei, 264*, 281, 286*, 287; S. 
spuria, 265; S. tribuloides, 24, 263, 
271, 272*, 284, 299 

Sphacelariaceae, 300 

Sphacelariales, 25, 29, 37, 4I, 138, 
156, 170, 260-301; classification, 
300; early development, 294-7*; 
geographical distribution, Io, 19, 
263; life-cycle, 40, 291-4; repro- 
duction, 38, 283-91*; vegetative 
structure, 21, 23, 32, 36, 37, 
264-83* 

Sphacella, 262, 266, 271, 281, 
299, 300; S. subtilissima, 264* 

Sphaceloderma (syn.), 281 


287, 


Sphaerococcaceae, 742; reproduc- 
tion, 668-9; vegetative structure, 
461 


Sphaerococcus, s, 407, 46x, 668-9*, 
742; S. EE 9, 11, 461, 
462*, 585, 667*, 668* 

Sphaerotrichia, 86, 88, 89, 140: S. 
divaricata, 78*, 120, 130, 131 

Sphondylothamnion, 520, 691, 
S. multifidum, erof, 520 


744; 
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Spirillum, 877*, 

Spirocladia, 746 

Spirogyra, 606 

Spirulina, 787, 788, 800, 801, 832, 
861; SS. Jenneri, 779*, 833*; S. 
princeps, 830*, 832; S. subsalsa, 862; 
SS. versicolor, 778 

Splachnidiaceae, 140 

Splachnidium, 19, 52, 95, 96*, 140; 
S. rugosum, 95, 96* 

Split-formation in Laminariales, 196, 
203, 220, 240-2* 

Sponges and Florideae, 581 

Spongomorpha, 54 


878 


*, 583 


Sporangia, see Mono- and tetra- 
sporangia, uni- and plurilocular 
sporangia; of Myxophyceae, 811, 
824, 827 


Sporochnales, 41, 49, 138, 139, x71- 
80, 260; early development, 173- 
s*; geographical distribution, 10, 
19, 171-3; reproduction, 40, 177- 
9*; vegetative structure, 21, 173—7* 

Sporochnus, 25, 172, 173 et seq.*; 
S. pedunculatus, 9, 171 et seq.*, 
177, 178* 

Sporogenous threads (Florideae), 601 

Sporoglossum, 578 

Sporolithon, 653, 741 

Sporophylls of Laminariales, 213 et 
seq. 

Spray zone, 1, 326, 346 

Spyridia, 411, 528-9", 691-2*, 694, 
714, 744; S. aculeata, 528*, 588; 
S. clavata, 528; S. filamentosa, 
524%, 528*, 692* 

Squamariaceae, 741; reproduction, 
642-4"; vegetative structure, 444, 
502-4* 

Stauromatonema, 848, 858, 861, 863; 
S. viride, 850* 

Stenocladia, 742 

Stenogramma, 496, 497, 670, 672-3", 
674, 744; S. interrupta, 489*, 496, 
606, 670, 672, 673* 

Sterile conceptacles, . see 
blasts 

Sterrocolax decipiens (syn.), 735 

Stichidia, 674, 716, 717, 719 

Stichosiphon, 820, 822, 858, 861; 
SS. regularis, 823* 

Stictothamnion, 566, 746; 
phylum, 565* 

Stictyosiphon, xox-3*, 112, 138, 140 
252; S. adriaticus, 101, 138; S. 
Corbieri, 101, 138; S. soriferus, 
101, 102*, 116%; S. subarticulatus, 
101; S. tortilis, 101, 116*, 119, 138 

Stigma, 28, 40, 117, 162, 163, 187, 
247, 250, 316, 376 

Stigonema, 772, 778, 787, 791, 806, 
854—7*, 859, 862, 865, 875; y 


Crypto- 


S. cymati- 
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Stigonema (cont.) 
hormoides, 854, 857*; S. informe, 
857"; S. mamillosum, 778, 779*, 
789*, 791, 855-6, 857*, 859; S. 
minutum, 806, 865; S. ocellatum, 
789*, 796, 805*, 854 

Stigonemataceae, 791, 806, 807, 811, 
846, 848, 852—7*, 859, 862 

Stigonematales, 769, 770, 791, 793, 
796, 804, 829, 848-56*, 858, 859, 
861 et seq. 2 

Stilophora, 93-4*, 140; S. adriatica, 
131, 136; S. Lejolisii (syn.), 93; 
SS. Lyngbaei (syn.), 90; S. rhizodes, 
II, 33, 50, 94*, 130, 131, 135* 

Stilopsis, 93, 140 

Stipe of Laminariales, 192, 225-6; 
structure, 226-35* 

Storage elements, 234, 338, 358, 478, 
484, 492, 525, 533 

Stragularia (syn.), 63 

Streams, Myxophyceae of, 769, 822, 
824, 863-4, 868; Phaeophyceae of, 
66; Rhodophyceae of, 398, 426,438, 
455, 464, 466, 504, 531, 552, 738 

Streblonema, 58, 139; S. aequale, 58, 
244; S. Cokeri, 124; S. corymbi- 
ferum, 59*; S. volubilis, 59* 

Streblonemopsis, 60, 139; S. irritans, 
57" 

Strepsithalia, 89, 130, 
gorae, 89* 

Striaria, 103 et seq.*, 140; S. at- 
tenuata, 103, 105*, 137 

Stromatocarpus, 746 

Stypocaulaceae, 300 

Stypocaulon (syn.), 263, 300; SS. 
scoparium (syn.), 263 

Stypopodium, 308 

Subantarctic seaweeds, 10, 101, 323, 
344, 744 

Subarctic seaweeds, 8, 19, 117, 501, 
517 

Subcortex, 76 

Sublittoral region, 1, 3, 4, 8 

Sugar alcohols, 33, 411 

Sugars, 400 

Sulphates in seaweeds, 34 

Sulphur, 24, 787, 860 

Sulphur-Bacteria, 860, 863 

Sun-forms among Algae, 4, 19, 31, 
383, 408, 785 e 

Supporting cell of Florideae, 592, 683 

Soa and seaweeds, 19, 215, 323, 382, 
383 

Symbiotic Myxophyceae, 769, 872-8 

Symphoricoccus, 70, 140 

Symphyocarpus, 67, 140; S. strangu- 
lans, 64* 

Symphyocladia, 560, 561, 563, 564, 
707, 746; S. marchantioides, 560 
et seq.* 


140; S. Lia- 


937 


Symploca, 800, 803, 832, 861; S. 
hydnoides, 833* 

Sympodial development, in Florideae, 
452, 492, 502, 518, 570, 572, 578, 
703, 738; in Phaeophyceae, 80, 
211, 273, 285, 287 

Synalissa, 875; S. violacea, 873* 

Syncyanoses, 878 

Synechococcus, 800, 814-15, 861, 876; 
S. aeruginosus, 790; S. Cedrorum, 
815* 

Synechocystis, 814-15, 861, 876; 
S. sallensis, 789* 


Taenioma, 721-2, 746; T. perpusillum, 
Tiley 72708 

Tannins, 32, 262, 265, 584 

Taonia, 307-8, 311 et seq., 315 et 
seq.; T. atomaria, 9, 11, 26*, 302, 
307, 309* S uA 

Temperature and geographical distri- 
bution, 7-9; and occurrence of 
Myxophyceae, 769, 863-5 

Temperature-relations of seaweeds, 
I, 2, 19, 382, 401 

Tendrils of Florideae, 481*, 484, 
486, 487*, 528*, 588-90* 

Terminal heterocysts, 797-8, 842 

'Terrestrial Bangiales, 423, 427, 430; 
Myxophyceae, 769, 771. 793, 795, 
804, 807, 814, 846, 848, 852, 865, 869 

Tetrahedral tetraspores, 603*, 683, 
714, 716 

Tetrapedia, 790, 816, 861; T. crux- 
michael, 817* ; T. morsa, 817* 

'Tetraploidy in Florideae, 724, 737 

Tetrasporangia, 602-4*; of Cera- 
miales, 712-19*, 729; of Coral- 
linaceae, 653-5*, of other Crypto- 
nemiales, 652-3; of Dictyotales, 
38, 302, 303", 311-13*; of Florideae 
generally, 415, 724; of Gelidiales, 
630; of Gigartinales, 673-5"; of 
Nemalionales, 625, 627; of Rhody- 
meniales, 682-3*; occurrence of, 
on sexual plants of Florideae, 723-4 

Thalassiophyllum, x97-200*, 203, 232, 
238, 253, 254; T. clathrus, 199* 

Thamnoclonium, 583, 740; T. Treubit, 
581*, 583 

Thermal Myxophyceae, 864, 868 

Thiothrix, 860 

Thorea, 738-9*; T. ramosissima, 738, 

* 


739 

Thoreaceae, 738 

Thuretella, 457-9, SE 724 749; 
T. Schousboei, 458*, 6 

Thuretellopsis, 638, 639, EC 

Thuretia, $74, 576, 712, 719, 747; 
T. quercıfolia, 576, 577*; T. teres, 


576 
TE sinocladia) 741 
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Tildenia, 846, 861 
Tilopteridales, 41, 138, 148-57, 297; 
life-cycle, 153-6; reproduction, 
149-53*, 300; vegetative structure, 
23, 149 d 
Tilopteris, 148 et seq.*; T. Mertensu, 
150*, 152%, 154* 
Time of reproduction of seaweeds, 6, 
| 316, 727 
p Tinocladia, 82 
| T'issue-tensions, in Phaeophyceae, 22, 


231, 356, 260; in Rhodophyceae, 
398 
Tolypothrix, 789*, 798, 799, 807, 
842-4*, 861, 863, 878; T. byssoides, 
7055 distorta, Soen, CPE ES IR 
T kera 811, 863; IN rivularis, 
; T. tenuis, 779* 


AE cell (of Fucales), 362, 363, 


365 
Trailella, 520, 586, ub 725; T. intri- 
cata, 519*, 520, 586*, 587, 713* 
Transition zone of Laminariales, 23, 
| 192, 195, 221, 225, 229, 231, 236, 


237 . 
| Travertine, 867*, 868, 869 
1 


| 
| 
| Elenkinit, 844; T. "lanata, 789*, 796; 
| 
1 
| 
| 


Trehalose, 411, 786 

Trentepohlia, 866 

Trichoblasts (of Rhodomelaceae), 

i 544-5, 549, 556, 572, 576, 701, 

| 707; morphological nature, 549-51 

4) Trichocytes (of Corallinaceae), 507 

V Trichodesmium, 829, 861, 862; T. 

a erythraeum, 784. 

f Trichogloea, 469, A 616, 740 

Trichogyne, 413, 434, 592, 596, 599, 
610, 619, 635, 642 

Trichome of Myxophyceae, 769, 829 

Trichothallic growth, 23, 149; in 
Cutleriales, 159, 160*; in Des- 
marestiales, 184; in Ectocarpales, 
54, 87; in Myxophyceae, 837, 841*; 
en to apical growth, 23, 90, 
112, 3 

RAIE A in Florideae, 724, 731 

T ics, algal flora, 3, 5, 9; Myxo- 

phyceae of, 769, 8635, 865; ER 

phyceae of, 52, 302, 323, 334, 341; 
Rhodophyceae of, 510, 741 

Trumpet-hyphae of Laminariales, 


223, 231, 232-4* 
Tuomeya, AEC 612, 738; T. fluviatilis, 
466, 467* 


Turbinaria, 10, 19, 323, 343, 353, 


363, 366, 374, 382; 
Murrayana, 


dentata, 
342%; T 
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Udotea, 12 

Ulonema rhizophorum, 61 

Ulopteryx (syn.), 215 

Ulothrix flacca, 2 

Ultra-violet rays and Phaeophyceae, 


31 
Ulva, 98, 397; U. Lactuca, 7, 408 
Ulvaceae, 23, 60, 96, 97, 101, 737 
Undaria, 215, 216*, 237, 240, 253 
254; U. pinnatifida, 214*, 239% 
Uniaxial construction, in Phaeophy- 
ceae, 21, 50, 78, 79, 87, 90, 190; in 
Rhodophyceae, 397, 445, 454-68, 
479-93, 517-78, 737-8 
Unilocular sporangia, 37, 38; of 
Cutleriales, 163, 164*; 
marestiales, 187; of Dictyotales, 
319; of Ectocarpales, sr, 116%, 
117-18, 122, 126, 128; of Lami- 
nariales, 244—7* ; of Sphacelariales, 
289, 291, 297; of Sporochnales, 
177; of Tilopteridales, 153, 156 
Urospora, 2, 426; U. penicilliformis, 2 
Utriculidium, 219 


Vacuoles, of Myxophyceae, 771-5; of 
Phaeophyceae, 25, 31, 35; of Rho- 
dophyceae, 402 

Vaginarieae, 831 

Bono 539, 699, 701, 716, 746; 

V. spectabilis, 540* 

Vaucheria piloboloides, 5 

Vegetative reproduction, in Dictyo- 
tales, 304, 308, 310, 319; in Ecto- 
carpales, 58, 73; in Florideae, 466, 
504, 518, 536, 556, 560, 588, 590, 
591, 627-8, 655; in Fucales, 383, 
384, 387, 388; in Laminariales, 
196, 218; in Myxophyceae, 804-7, 
836; in Sphacelariales, 281-5*, 
296*, 297; in Tilopteridales, 153 

Verrucaria, 2; V. maura, 2 

Vesicular cells of Florideae, 480-2*, 
520, 549, 585-8", 619 

Vicarious species, 12 

Vickersia, 520, 714, 744; V. baccata, 


520, 713* 

Vidalia, 11, 572, 705, 719, 747; 
V. spiralis, 572; V. volubilis, 571*, 
572 


Viscosity of protoplast, 401, 771 
Vitamines, 34, 412 
Volutin, 771, 776, 780, 787 


Warm-boreal seaweeds, 9 

Water-flowers, 772, 862, 863 

Wave-action and distribution of sea- 
weeds, 6, 382 

yat Indies, seaweed vegetation of, 


9, 
eatiella, xut 852, 854, 862; W. 


Lose 
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Westiellopsis, 854, 862 

Wollea, 836, 861; W. saccata, 834* 

Wound-healing, in Florideae, 590; 
in Fucales, 361*; in Laminariales, 
241 

Wrangelia, 457-9", 523, 685-6", 691, 
694, 712, 744; W. penicillata, 457, 
458%, 685, 686*, 693%, 713% 

Wrightiella, 716, 746; W. Tumano- 
wiczii, 745* 

Wurdemannia, 742; W. setacea, 743* 


Xanthophyceae, 32, 42 

Xanthophyll, 29, 376, 405, 437, 781 

Xanthosiphonia, 97, 140 

Xenococcus, 824, 826, 861; X. chroo- 
coccoides, 826*; X. Kerneri, 826* 

Xiphophora, 3, 323, 329, 344, 349, 
363, 370, 381 


Zanardinia, 28, 40, 157, 16x, 163 et 
seq., 169, 170; Z. collaris, 158 et 
seq.*, 162"; Z. prototypus, 159 
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Zonaria, 169, 302, 308, 309*, 311, 
312, 315, 319; Z. collaris (syn.), 
159; Z. Farlowii, 308, 309*, 311, 
312%, 314%, 315, 318; Z. flava, 308, 
311, 315; Z. lobata, 315; Z. parvula, 
308; Z. variegata, 302, 308, 312, 
313, 319 

Zonate tetraspores, 603*, 652, 673-4 

Zonation, in lakes, 863; on the sea- 
shore, 2, 193, 323, 382, 398, 408, 

2 


Zoospores, fusion of among Phaeo- 
phyceae, 128, 131, 187, 292, 380; 
of Cutleriales, 164*; of Desmares- 
tiales, 187; of Ectocarpales, 118, 
138; of Laminariales, 244-7*; of 
Phaeophyceae generally, 40; of 
Sphacelariales, 290*, 291; of Spo- 
rochnales, 177; of Tilopteridales, 
153 

Zostera, 58, 80 

Zosterocarpus, 55, 119, 139, 
Z. Oedogonium, 56* 
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Map 1. Geographical Distribution of 
diverse Seaweeds (mainly after Svedelius 
and Feldmann). The continuous line in 
the Southern Hemisphere shows thearea 
occupied by Ballia callitricha (Subant- 
arctic); the dotted areas in the Northern 
Hemisphere the distribution of Sphaero- 
coccus coronopifolius (Mediterranean- 
North Atlantic species). The map also 
shows the distribution of Iridaea cordata 
(I, Subantarctic, Western America), 
Anadyomene stellata (Indo-Pacific, 
Atlantic,Mediterranean), Dictyosphaeria 
favulosa (Indo-Pacific, Atlantic), Cau- 
lerpa prolifera (C, Mediterranean- 
tropical Atlantic), Gymnogongrus norve- 
gicus (G, North Atlantic, Western 
Mediterranean), Acanthophora Delilei 


Lamour. (Mediterranean-Indian), and 
of the vicarious species Udotea argentea 
(Indo-Pacific) and U. occidentalis 
(Atlantic). 
| 5 
hi @®. Anadyomene stellata 
| | O. Dictyosphaeria favulosa 
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Map 2. Distribution of Laminariales 
and Fucales. The dots in the Northern 
Hemisphere show the area occupied 
by Fucus, in the Southern Hemisphere 
that occupied by the Australasian Fu- 
cales. The continuous line encloses the 
area occupied by the species of Eusar- 
gassum (Sg, after Setchell), the dotted 
line that occupied by Macrocystis (M), 
the interrupted line the area occupied 
by the Agareae (Ag); the line com- 
posed of dots and dashes shows the 
southern limit of Laminariales in the 
Northern Hemisphere. The distribution 
of the following is shown by letters: 


. 4, Arthrothamnus; C, Coccophora; 


D, Durvillea; E, Ecklonia; Eg, Egregia; 
L, Lessonia; La, Laminaria (outside the 
northern zone); N, Nereocystis; U, 
Undaria. 
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